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EDITORIALLY  SPEAKING 

With  this  Volume,  Co-Editors  Dr.  Roland  Vela  and  Dr.  Mike  Carlo  take 
over  editorial  and  publishing  responsibilities  of  The  Texas  Journal  of  Science 
from  the  capable  hands  of  Dr.  Gerald  Raun  who  has  been  the  Editor  for  over 
10  years. 

You  will  notice  three  changes  with  this  issue  of  the  Journal  that  we,  as 
Editors,  hope  you  will  enjoy  and  find  beneficial.  The  first  is  an  Editorial  Page 
which  we  will  use  from  time  to  time  to  bring  you  comments  and  changes  in 
the  Journal  itself.  Other  times,  invited  editorial  comments  will  appear.  The 
second  is  Instructions  to  Authors  which  will  appear  in  each  issue.  This  page 
will  contain  all  the  information  on  preparing  a  manuscript  for  consideration 
for  publication  in  the  Journal  and  should  be  followed  by  all  of  our  authors. 
The  third  is  an  invited  paper.  Each  issue  will  contain  an  invited  paper  by  a 
scientist  who  is  an  authority  in  his  field.  We  are  asking  these  authors  to  pre¬ 
pare  a  paper  discussing  changes  and  current  trends  in  their  field  which  should 
be  of  interest  to  all  scientists. 

As  Editors,  we  will  continually  strive  to  publish  a  good  scientific  journal 
representing  all  fields  of  science.  We  will  work  diligently  to  get  each  issue  out 
on  time  and  to  keep  the  time  for  a  paper  to  be  published  at  a  minimum.  In 
addition,  we  would  appreciate  your  comments,  suggestions,  and  complaints. 
If  you  have  any,  please  pass  them  along  to  either  one  of  us  or  to  both  of  us. 
In  this  way,  we  will  be  aware  of  your  needs  and  will  be  able  to  make  changes 
in  the  Journal  which  will  make  it  a  truly  good  scientific  publication. 

Roland  Vela,  PhD  (Editor) 

Department  of  Biology 
North  Texas  State  University 
Denton,  Texas  76203 

Mike  Carlo,  PhD  (Managing  Editor) 
Department  of  Chemistry 
Angelo  State  University 
San  Angelo,  Texas  76901 

INSTRUCTIONS  TO  AUTHORS 

Papers  intended  for  publication  in  The  Texas  Journal  of  Science  are  to  be 
submitted  to  Dr.  Roland  Vela,  Editor,  P.  O.  Box  13066,  North  Texas  State 
University,  Denton,  Texas  76203. 

The  manuscript  submitted  is  not  to  have  been  published  elsewhere.  Tripli¬ 
cate  typewritten  copies  (the  original  and  2  reproduced  copies)  must  be  sub¬ 
mitted.  Typing  of  both  text  and  references  should  be  DOUBLE— SPACED 
with  2-3  cm  margins  on  STANDARD  8V2  X  11  typing  paper.  The  title  of  the 
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article  should  be  followed  by  the  name  and  business  or  institutional  address 
of  the  author(s).  Be  sure  to  include  zip  code  with  the  address.  If  the  paper  has 
been  presented  at  a  meeting,  a  footnote  giving  name  of  the  society,  date,  and 
occasion  should  be  included  but  should  not  be  numbered.  Include  a  brief 
abstract  at  the  beginning  of  the  text  (abstracting  services  pick  this  up  direct¬ 
ly)  followed  by  an  introduction  (understandable  by  any  scientist)  and  then 
whatever  subheadings  you  desire.  The  usual  editorial  customs,  as  exemplified 
in  the  most  recent  issues  of  the  Journal ,  are  to  be  followed  as  closely  as  pos¬ 
sible. 

In  the  text,  cite  all  references  by  author  and  date,  i.e.,  Jones  (1971); 
(Jones,  1971):  Jones  and  Smith  (1971);  (Jones  and  Smith,  1971).  If  there  are 
more  than  2  authors,  use  —  Jones,  et  al  (1971);  (Jones,  et  al,  1971).  Refer¬ 
ences  are  to  be  assembled,  arranged  alphabetically,  and  placed  at  the  end  of 
the  article  under  the  heading  Literature  Cited.  For  a  Journal  article  use: 
Jones,  Ai\,  1971— Effects  of  chlorinated  hydrocarbons./.  Comp.  Phys.,  37: 
116-135.  For  a  book,  use:  Jones,  A.P.,  1971— Effects  of  Chlorinated  Hydro¬ 
carbons.  Academic  Press,  New  York. 

All  tables  are  to  be  typed  with  a  carbon  ribbon,  free  of  error,  without 
handwritten  notations,  and  be  prepared  for  photographic  reproduction. 
Tables  should  be  placed  on  separate  sheets,  with  a  marginal  notation  on  the 
manuscript  to  indicate  preferred  locations. 

Figures  are  to  be  original  inked  drawings  or  glossy  photographs  no  larger 
than  8V2  X  11.  Legends  for  figures  are  to  be  typed  separately  and  lettering 
within  the  figure  kept  to  a  minimum.  Figures  are  to  be  mounted  on  standard 
816  X  11  paper  if  they  are  not  already  that  size;  not  to  exceed  page  size  as 
they  cannot  be  reduced  properly  if  they  do. 

All  photographs,  line  drawings,  and  tables  are  to  be  provided  with  self- 
explanatory  titles  or  legends.  Each  illustration  should  be  marked  on  the  back 
with  the  name  of  the  principle  author,  the  figure  number,  and  the  title  of  the 
article  to  which  it  refers. 

Galley  proof  of  each  article  will  be  submitted  to  the  author.  This  proof 
must  be  carefully  corrected  and  returned  within  3  days  to  the  Managing  Edi¬ 
tor’s  Office  (Dr.  Mike  Carlo,  Managing  Editor,  P.  O.  Box  10979— ASU  Sta¬ 
tion,  San  Angelo,  Texas  76901).  Page  proof  will  not  be  submitted. 

Reprint  price  list  and  page  charge  information  will  accompany  galley 
proofs.  Reprints  are  delivered  approximately  6  to  8  weeks  after  articles 
appear. 


BIOGRAPHICAL  SKETCH 


JACK  E.  WALLACE,  Ph.D. 

BIOGRAPHICAL  SKETCH 

Jack  E.  Wallace  is  Associate  Professor  of  Pathology  and  Pharmacology  at 
The  University  of  Texas  Health  Science  at  San  Antonio,  a  position  he  has 
held  since  1972.  The  department  of  pathology  has  a  very  active  research  pro¬ 
gram  in  analytical  and  clinical  toxicology  which  is  directed  by  Dr.  Wallace. 
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Born  in  Harrisburg,  Illinois  he  studied  at  Southern  Illinois  University  where 
he  received  his  B.A.  degree  in  chemistry  in  1955.  At  that  time  he  accepted  a 
commission  through  the  USAF  Reserve  Officers  Training  Corps.  He  began  his 
graduate  school  training  at  Southern  Illinois  University  and  was  awarded  a 
M.A.  degree  in  chemistry  and  microbiology  by  the  University.  In  January 
1962  he  received  a  Ph.D.  degree  from  Purdue  University  in  biochemistry. 
During  his  graduate  training  he  was  an  instructor  in  chemistry  and  biochemis¬ 
try  at  Southern  Illinois  University  and  Purdue  University,  respectively.  Dr. 
Wallace  is  a  member  of  the  American  Chemical  Society  and  also  holds  mem¬ 
bership  in  Phi  Lambda  Upsilon  and  Sigma  XI.  He  is  a  member  of  the  Re¬ 
search  Society  of  America  and  has  fellow  status  in  the  American  Academy  of 
Forensic  Sciences  and  the  American  Institue  of  Chemists.  He  is  a  member  of 
the  International  Society  of  Forensic  Toxicologists.  He  is  listed  in  Leaders 
in  American  Science  and  Who's  Who  in  the  South  and  Southwest.  In  1962, 
upon  entering  active  military  service,  he  was  assigned  to  the  USAF  Epide¬ 
miological  Laboratory,  Lackland  AFB,  Texas.  After  separation  from  active 
duty  in  1964,  Dr.  Wallace  remained  with  the  Laboratory  as  a  civilian  em¬ 
ployee.  In  1967  he  received  the  Air  Force  Systems  Command  Outstanding 
Scientific  Achievement  Award  which  included  a  bronze  plaque,  a  certificate 
bearing  a  citation,  and  a  cash  award. 

He  is  the  author  of  approximately  one  hundred  scientific  publications  in 
the  areas  of  analytical  toxicology  and  drug  interactions.  A  majority  of  his 
contributions  to  the  scientific  literature  describe  rapid  procedures  for  the  an¬ 
alysis  in  biologic  specimens  of  important  pharmacologic  and  toxicologic  com¬ 
pounds. 


DRUG  ANALYSIS  IN  THE  CLINICAL  LABORATORY 

by  JACK  E.  WALLACE,  Ph.D.,  HORACE  E.  HAMILTON,  M.S. 
and  HARVEY  A.  SCHWERTNER,  Ph.D. 


During  the  past  decade  drug  utilization  both  in  abuse  and  therapeutic  sit¬ 
uations  has  become  a  significant  part  of  our  affluent  society.  The  news  media 
promote  and  direct  nationwide  attention  to  the  drug  dilema  and  create  a  mag¬ 
nified  public  awareness  of  the  problem.  The  preponderant  availiability  of 
pharmacologic  and  toxicologic  agents  further  contributes  to  the  infiltration 
of  drug  abuse  into  all  social  and  economic  areas  of  the  nation.  Enhanced  ex¬ 
perimentation  by  all  age  groups  in  the  use  of  both  single  and  combined  drug 
forms  has  created  numerous  complex  problems  for  analytical  chemists  con¬ 
cerned  with  the  identification  of  drug  use  and  abuse.  A  significant  contri¬ 
bution  to  the  awareness  of  the  problem  has  been  the  development  of  im¬ 
proved  laboratory  methods  that  have  immensely  strengthened  the  ability  of 
laboratory  personnel  to  identify  active  pharmacologic  agents  in  biologic  spe¬ 
cimens.  It  is  difficult  to  estimate  the  percentage  of  the  population  that  abuse 
the  use  of  drugs  yet  one  study  in  England  found  that  drug  abuse  was  respon¬ 
sible  for  13-18%  of  cases  that  required  admission  to  adult  medical  wards 
(Malabre,  1970).  It  has  been  estimated  that  each  year  over  a  million  people  in 
the  United  States  are  involved  in  nonfatal  drug  poisonings.  Coupled  with  large 
number  of  medical  patients  that  routinely  require  blood  levels  of  drugs  taken 
for  therapeutic  reasons  it  is  obvious  that  the  need  for  analytical  methods  to 
measure  drug  components  is  vastqmd  continuously  expanding  (Clarke,  1969). 

Losses  in  man-hours  due  to  drug  abuse  cannot  be  over-emphasized.  Dis¬ 
crete  screening  of  biologic  specimens  from  individuals  can  provide  informa¬ 
tion  vital  to  the  control  of  accidents  resulting  from  uncontrolled  drug  utiliza¬ 
tion.  An  efficient  drug  testing  program  can  be,  therefore,  a  valuable  asset  in 
identifying  the  extent  of  drug  abuse  and/or  drug  utilization  in  a  specific  pop¬ 
ulation.  For  most  situations  urine  analysis  is  the  most  feasible  way  to  moni¬ 
tor  the  use  of  drugs.  Addict  rehabilitation  programs  must  identify  those  in 
their  care  that  are  using  drugs  and  the  military  services  are  always  concerned 
with  incidents  involving  drug  abuse  within  the  active  duty  personnel.  Numer¬ 
ous  industrial  organizations  have  implemented  drug  screening  profiles  as  part 
of  the  application  for  those  individuals  seeking  employment. 

The  Texas  Journal  of  Science,  Vol.  XXVII,  No.  1,  March,  1976. 
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If  a  single  drug  has  been  identified  as  an  agent  of  abuse,  the  possible  utili¬ 
zation  of  additional  drugs  must  be  evaluated  for  there  has  been  a  consider¬ 
able  increase  in  the  simultaneous  intake  of  several  drugs  by  abusers.  An  effec¬ 
tive  employee  screening  program  should,  therefore,  include  the  use  of  new 
and  unique  techniques  for  determining  and  identifying  both  the  widely  used 
and  the  newly  introduced  agents  subject  to  abuse.  Specific  quantitative  and 
qualitative  tests  are  thus  required  for  so  many  toxic  compounds  that  it  is 
impossible,  with  current  methodology,  to  accomplish  a  complete  screening 
analysis  on  one  specific  type  of  biological  specimen.  Even  if  attempted,  the 
time  and  cost  factors  often  make  it  unrewarding.  It  is,  therefore,  vital  that  the 
medical  history  and  any  other  significant  observations  concerning  relevant 
activities  of  the  patient  be  made  available  to  the  toxicologist  when  requests 
for  analytical  studies  are  made. 

In  testing  programs,  the  toxicologist  must  provide  methodology  capable  of 
detecting  not  only  toxic,  but  therapeutic  amounts  of  drugs  in  biologic  speci¬ 
mens.  The  requirements  include  specificity,  speed  of  analysis,  sensitivity,  sim¬ 
plicity,  and,  finally,  cost.  To  develop  methods  that  are  capable  of  detecting 
drug  use  several  days  after  the  last  drug  exposure,  without  generating  false 
results,  is  the  goal  of  the  toxicologist.  The  problem  of  laboratory  “accuracy” 
relates  to  the  age-old  conflict  of  high  sensitivity  versus  test  specificity.  The 
ideal  test  system  provides  excellent  sensitivity  and  specificity  that  are  within 
forensic  acceptance.  The  need  exists  for  much  research  and  development 
work  into  the  areas  of  quantitative  analysis  of  drugs  in  biologic  specimens, 
since  there  is  no  single  toxicologic  test  that  can  be  employed  in  screening  for 
all  the  intoxicating  agents.  Industrial  companies,  as  well  as  governmental 
agencies  and  pharmaceutical  firms,  should  actively  support  such  developmen¬ 
tal  endeavors. 

MOLECULAR  STRUCTURE  AND  DRUG  ANALYSIS 

Very  important  to  the  general  methodology  of  drug  analysis  is  the  molecu¬ 
lar  structure  of  the  compound  to  be  analyzed.  Based  on  functional  groups 
that  affect  partition  coefficients  between  immiscible  solvents,  drugs  may  be 
placed  into  4  general  categories.  These  are:  acidic,  basic,  amphoteric,  and 
neutral  drugs.  For  the  purpose  of  this  review,  the  hallucinogens,  because  of 
their  unique  physiologic  activity,  constitute  the  5th  group.  A  6th  classifica¬ 
tion,  the  volatiles,  is  based  on  the  vapor  pressure  of  organic  compounds  at  or 
near  room  temperature.  The  first  4  groups  have  different  partition  coeffi¬ 
cients  between  immiscible  organic  and  aqueous  phases  because  hydrogen  ion 
concentration  (function  of  pH)  changes  of  the  aqueous  phase  often  affect  the 
ionic  state  or  polarity  of  molecules.  During  analysis,  the  pH  facilitates  the  ex¬ 
traction  of  the  drug  from  a  biologic  specimen  into  a  specific  organic  solvent. 
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For  example,  the  acidic  drugs  such  as  diphenylhydantoin,  barbiturates,  and 
the  salicylates  may  be  extracted  from  serum,  urine,  or  tissue  into  an  organic 
solvent  after  making  the  biologic  specimen  slightly  acidic.  The  alkaline  drugs 
such  as  propoxyphene,  amphetamine,  imipramine,  and  ephedrine,  converse¬ 
ly,  are  extracted  into  organic  phases  when  the  biologic  specimen  is  made  al¬ 
kaline.  At  specific  pH  ranges,  the  molecules  are  converted  to  nonpolar  struc¬ 
tures,  which  are  considerably  more  soluble  in  the  organic  than  the  aqueous 
phase  of  the  immiscible  mixture.  When  the  ionic  or  polar  form  of  the  drug  is 
reestablished  by  drastic  changes  of  pH,  the  compound  becomes  subsequently 
more  soluble  in  the  polar  or  aqueous  phase.  This  constitutes  the  general 
mechanism  for  the  extraction  or  purification  process  in  drug  analysis. 

The  amphoteric  drugs  such  as  morphine  and  phenylephrine  must  be  ex¬ 
tracted  at  a  carefully  controlled  pH  (isoelectric  point)  because  they  exhibit 
both  acidic  and  alkaline  properties.  At  the  isoelectric  point,  they  exist  pre¬ 
dominantly  in  the  nonpolar  or  unionized  phase  since  their  intramolecular  po¬ 
lar  charges  are  neutralized.  Neutral  drugs  such  as  meprobamate  and  glutethi- 
mide  are  termed  by  the  toxicologist  “solvent  soluble  drugs”  because  of  their 
extraction  into  organic  solvents  at  any  pH  changes.  The  hallucinogens,  lyser¬ 
gic  acid  diethylamide  (LSD),  4-methyl-2,  5 -dime thoxy arriphe tamine  (STP), 
and  3,4-dimethoxyphenylethylamine  (mescaline),  which  constitute  a  separate 
class  for  the  purposes  of  this  discussion,  are  generally  characteristic  of 
alkaline  drugs. 

ANALYTICAL  METHODS 


Drug  determinations  can  be  classified  into  2  types:  drug  screening  (quali¬ 
tative  testing)  and  verification  analyses,  which  generally  implies  or  includes 
quantitative  testing. 

As  screening  programs  become  increasingly  comprehensive,  new  analyti¬ 
cal  methods,  in  addition  to  being  specific  and  rapid,  must  be  developed  in 
such  a  manner  that  they  are  readily  adaptable  to  the  complex  nature  of  cur¬ 
rent  analytical  instruments.  Such  an  objective  will  reduce  manpower  costs 
and  provide  rapid  answers,  both  of  which  are  critical  factors  that  the  analyti¬ 
cal  toxicologist  must  consider  in  selecting  the  appropriate  analytical  scheme. 

Rapid  Procedure  for  Analyzing  a  Large  Number  of  Specimens 

Thin-Layer  Chromatographic  Procedures. 

A  widely  used  method  for  drug  screening  is  the  thin-layer  chromatographic 
procedure.  One  of  the  first  introduced  was  that  of  Dole  et  al.  (1966).  The 
technique  describes  the  detection  of  narcotic  drugs,  quinine,  barbiturates, 
amphetamines,  and  some  tranquilizers  in  urine.  With  this  procedure,  the  drugs 
are  first  absorbed  on  ion-exchange  paper  and  then  extracted  at  controlled  pH 
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values  into  an  organic  phase.  An  aliquot  of  the  organic  phase  is  concentrated 
and  chromatographed  by  thin-layer  procedures.  A  series  of  spray  reagents 
provides  detection  and  confirmation  of  the  identity  of  the  particular  drug, 
generally  according  to  the  color  it  produces  and  the  distance  it  migrates  on 
the  chromatogram.  The  procedure  apparently  works  satisfactorily  for  drugs 
such  as  morphine,  codeine,  and  quinine,  but  for  drugs  such  as  methadone, 
phenobarbitol,  and  amphetamines,  there  are  a  number  of  false  negatives.  Ap¬ 
parently,  the  reason  for  the  false  negatives  with  the  latter  3  types  of  drugs  is 
the  marginal  sensitivity  and  the  variation  in  recovery  of  these  compounds 
from  the  ion-exchange  paper.  For  these  latter  compounds,  recovery  is  appar¬ 
ently  in  the  order  of  10%,  which  is  too  low  for  sensitive  analysis.  There  are 
some  methods  reported  in  the  literature  which  have  modified  Dole’s  tech¬ 
nique  to  eliminate  the  problems  encountered  with  methadone,  phenobarbi¬ 
tol,  and  amphetamine-type  drugs. 

Mule  et  al.  (1971,  1972)  have  developed  techniques  for  the  analysis  of 
urine  samples  for  a  large  urine-monitoring  control  program.  Mule  also  em¬ 
phasizes  the  importance  of  control  urine  samples  for  comparison  with  the 
urine  samples  to  be  analyzed.  Control  urine  samples  were  obtained  from  indi¬ 
viduals  on  required  therapy.  Mule  cautions  against  the  use  of  standards  ex¬ 
tracted  from  urine,  as  this  does  not  often  represent  the  situation  that  would 
be  found  in  an  actual  urine  sample  because  of  the  metabolic  products.  Mule’s 
procedure  is  initiated  by  a  spectrofluorometric  analysis  to  screen  urine  sam¬ 
ples  for  the  presence  of  morphine  and/or  quinine.  Samples  that  had  positives 
in  this  screen  then  went  to  thin-layer  chromatographic  analysis.  The  proce¬ 
dure  includes  an  acid  hydrolysis  to  break  down  conjugates  of  the  drugs  and 
an  extraction  at  an  acid  pH  to  remove  the  acidic  drugs  such  as  the  barbitu¬ 
rates,  diphenylhydantoin,  glutethimide,  and  an  extraction  at  pH  10  to  1 1  for 
narcotics,  tranquilizers,  and  amphetamines.  Spray  reagents  are  then  applied 
to  the  developed  thin-layer  plates,  and  color  formation,  we  well  as  the  finger¬ 
print  comparison  of  metabolites,  are  the  criteria  for  identification  of  the 
drugs.  Gas-liquid  chromatography  for  a  positive  identification  and  confirma¬ 
tion  is  recommended.  Technique  requires  a  60-ml  sample  and  the  procedure 
was  developed  to  analyze  500  or  more  urine  samples  per  day  for  drugs  of 
abuse. 

Fujimoto  and  Wang  (1970)  reported  methods  for  screening  drugs  using 
thin-layer  chromatography  in  which  extraction  is  carried  out  by  passing  the 
urine  through  an  Amberlite  XAD-2  resin  column.  The  acidic  and  basic  drugs 
were  eluted  and  resolved  with  thin-layer  chromatography  and  the  spots 
revealed  using  various  chromogenic  spray  reagents.  They  reported  that  their 
method  was  relatively  easy,  rigid,  and  had  high  sensitivity  for  detection,  al¬ 
though  there  was  an  appreciable  number  of  false  positives  and  misidentified 
drugs  during  this  author’s  evaluation  of  the  entire  procedure. 

A  thin-layer  chromatograph  method  similar  to  that  reported  by  Mule  was 
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developed  by  Wallace  et  al  (1972).  Wallace’s  procedure  requires  2  separate 
extractions  from  urine  for  the  analysis  of  morphine,  amphetamine-like  drugs, 
and  the  barbiturates.  However,  in  contrast  to  Mule’s  procedure  only  10-15  ml 
of  urine  is  required  for  comparable  sensitivity.  The  clean  background  on  the 
TLC  plates  is  the  result  of  a  more  efficient  extraction  procedure.  This 
accounts  for  the  enhanced  sensitivity.  A  method  of  hydrolysis  is  included  for 
morphine-type  conjugates.  The  compounds  are  extracted  from  urine  using  a 
combination  of  chloroform  and  tertiary  butanol.  The  extracted  materials  are 
evaporated  to  near  dryness  and  a  portion  of  the  residue  chromatographed  on 
a  thin-layer  plate.  The  spots  are  revealed  using  chromogenic  sprays  similar  to 
those  reported  by  other  investigators.  The  way  in  which  drugs  are  identified 
is  via  comparison  of  a  urine  sample  of  a  patient  who  has  received  the  drug 
in  question.  This  comparison  of  colors  and  migration  rates  of  drugs  and  their 
metabolites  is  an  essential  part  of  the  detection  system.  Several  investigators 
suggest  that,  when  thin-layer  chromatographic  analysis  is  utilized  in  drug 
screening,  2  or  more  solvent  systems  for  development  of  the  chromatograms 
should  be  employed.  In  the  development  of  the  thin-layer  chromatograms  by 
the  method  of  Wallace,  the  following  solvent  sy  terns  are  employed:  (1)  N-bu- 
tanol,  H20,  and  acetic  acid-4:2:l;  (2)  N-butanol,  HC1-85 : 1 5  (saturated  with 
water);  and  (3)  ethyl  acetate,  methanol,  and  ammonium  hydroxide-85: 10:5. 
This  combination  of  migrating  solvent  systems  will  effectively  separate  and 
identify  most  compounds  encountered  in  drug  rehabilitation  programs. 

The  chromatograms  are  developed  on  plates  made  of  silica  gel  G,  of  250 
micron  thickness  (UniPlate,  Analtech,  Inc.,  Wilmington,  Del.).  It  is  obvious 
upon  observation  of  the  3  chromatograms  that  utilization  of  only  one  system 
would  be  inadequate  for  a  complete  screening  and  confirmatory  report.  In 
practice,  the  3  systems  are  the  best  combination  observed  for  identifying  a 
wide  range  of  alkaline  and  amphoteric  compounds.  Of  particular  interest  is 
that  extracts  from  acid-hydrolyzed  urine  are  effectively  chromatographed. 
This  is  of  particular  benefit  in  the  monitoring  of  heroin  addicts  since  several 
frequently  used  drugs  besides  opiates  may  migrate  with  an  RF  value  similar  to 
that  of  morphine  in  one  solvent  system  but  not  in  another.  With  the  solvent 
system  that  utilizes  butanol/HCl,  morphine  is  the  only  compound  that  re¬ 
mains  a  deep  blue  color  after  spraying  with  iodoplatinate  reagent.  By  the  use 
of  other  color-developing  agents  in  addition  to  the  general  iodoplatinate  spray 
reagent,  compounds  that  are  not  as  strongly  developed  on  the  chromatograms 
by  the  iodoplatinate  alone  may  be  enhanced  in  color  intensity.  The  need  for 
hydrolysis  in  determining  total  morphine  in  urine  has  been  established  (Payte, 
et  al.,  1971).  Further,  in  industrial  and  other  screening  programs,  it  is  neces¬ 
sary  to  establish  that  the  morphine  is  not  a  by-product  of  the  ingestion  of  co¬ 
deine  syrup  preparations  because,  even  in  nonaddicts,  7  to  19%  of  ingested 
codeine  is  metabolically  converted  to  morphine.  Since  the  excretion  rate  of 
morphine  is  generally  much  faster  than  that  of  codeine,  a  time  interval  during 
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which  only  morphine  is  detected  may  exist.  Viewing  the  unsprayed  plate 
under  a  UV  lamp  at  256  and  300  nm  is  an  important  analytical  aid  since 
many  compounds,  e.g.,  quinine,  absorb  the  radiations  or  are  strongly  fluores¬ 
cent. 

Thin-Layer  Chromatographic  Procedure  for  Total  Opiates  in  Urine. 

Ten  milliliters  urine  (or  10  g  homogenized  tissue)  and  1  ml  of  1:1  hydro¬ 
chloric  acid  solution  are  pipetted  into  an  Erlenmeyer  flask.  The  flask  and  con¬ 
tents  are  autoclaved  for  10  min  at  120  C  and  allowed  to  cool.  The  hydrolyzed 
urine  is  adjusted  to  pH  8.5  to  9.0  by  the  addition  of  anhydrous  potassium 
carbonate  or  saturated  borate  buffer  and  filtered  through  Whatman  no.  1  or 
equivalent  filter  paper  into  a  glass-stoppered  50-ml  graduate  cylinder.  This  fil¬ 
tration  step  of  the  aqueous  sample  removes  approximately  20%  of  the  opiate 
and  may  be  substituted  by  centrifugation  at  2000  rpm  for  15  minutes.  Thirty 
millimeters  of  solvent  (10%  tertiary  butanol  in  chloroform)  is  added  and  the 
flask  shaken  for  approximately  3  minutes.  After  phase  separation,  which  oc¬ 
casionally  requires  centrifugation  if  the  above  filtration  step  is  omitted,  the 
aqueous  layer  is  discarded.  The  solvent  is  washed  twice  with  10  ml  35% 
K2HP04,  the  phosphate  wash  is  discarded,  and  the  solvent  is  filtered  through 
a  double  layer  of  filter  paper  into  a  125 -ml  boiling  flask  having  a  ground  glass 
joint.  The  flask  is  attached  to  a  rotary  vacuum  evaporator,  and  the  solvent 
evaporated  to  near  dryness  at  40  C.  If  taken  to  dryness,  4  to  6  drops  of  iso¬ 
propanol  are  added,  and  the  flask  rotated  to  allow  solutions  of  the  residue. 
For  the  analysis  of  a  large  number  of  specimens,  the  chloroform-alcohol 
solvent  can  be  evaporated  from  several  test  tubes  simultaneously  by  the  ap¬ 
plication  of  heat  and  by  passing  a  stream  of  air  into  each  tube  via  a  suitable 
manifold.  Using  micropipettes  (10  to  100  jid),  one  or  more  standards  is  ap¬ 
plied  to  the  TLC  plates  (20  jul  of  a  1  mg/ml  solution).  The  use  of  a  heat 
source  expedites  the  spotting.  Using  similar  techniques,  analytical  samples  are 
applied,  spotting  as  much  extract  as  possible  without  adding  additional  iso¬ 
propanol  to  the  flask.  The  spots  are  spaced  approximately  1.5  cm  apart,  being 
careful  to  keep  all  spots  equidistant  from  the  bottom  edge  of  the  plate.  An 
appropriate  amount  of  chromatographic  solvent  is  placed  in  a  chromatogra¬ 
phy  jar,  and  the  lid  is  positioned  to  allow  equilibrium  of  solvent  vapors  within 
the  chamber.  Several  plates  can  be  placed  in  each  chamber,  provided  they  are 
not  in  physical  contact  over  the  portion  of  where  separation  is  desired.  When 
the  solvent  ascends  sufficiently  (preferably  at  least  15  cm),  the  plate  is  re¬ 
moved  and  the  solvent  allowed  to  evaporate  completely.  The  plate  is  subse¬ 
quently  sprayed  with  iodoplatinate  reagent,  and  the  positions  and  colors  of 
the  developed  spots  noted.  Any  acid  remaining  on  the  plate  makes  the  iodo¬ 
platinate  reagent  less  specific  because  the  deep  blue  color  associated  with 
morphine  becomes  darker  and  indistinguishable  from  other  basic  drugs.  Max¬ 
imum  development  of  color  requires  1  to  2  hours. 
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Thin-Layer  Chromatographic  Procedure  for  Cocaine 
Metabolites  in  Urine. 

The  current  trend  toward  illicit  use  of  cocaine  (Onis,  1973;  Volsky,  1970; 
Schmeck,  1972;  Washington  Star  News,  1974)  has  prompted  considerable 
interest  in  the  development  of  rapid,  reliable  and  inexpensive  screening  me¬ 
thods  for  the  detection  of  users  of  the  drug.  Thin-layer  chromatography 
(TLC)  provides  the  potential  for  rapid,  inexpensive  screening  for  a  number  of 
drugs  and  their  metabolites  of  which  cocaine  is  no  exception.  Thin-layer  chro¬ 
matography  is  probably  the  most  common  screening  method  employed  by 
drug  detection  laboratories  (Baden  et  al.  1972;  Sunshine,  1975).  Consequent¬ 
ly,  a  vast  number  of  reports  pertaining  to  the  TLC  detection  of  cocaine  exists 
in  the  scientific  literature.  The  unfortunate  aspects  of  these  endeavors  are 
that  cocaine  is  only  one  of  a  number  of  drugs  considered  and  few  of  the  re¬ 
ports  provide  any  type  of  sensitivity  limits  or  migration  ratios  for  cocaine 
metabolites-benzoylecgonine  and  ecgonine.  The  failure  of  investigators  to 
consider  metabolites  constitutes  a  significant  discrepancy  since  cocaine  is  ra¬ 
pidly  and  extensively  metabolized  in  vivo.  Bastos  and  Hoffman  (1974)  have 
estimated  that  greater  than  98%  of  ingested  cocaine  is  excreted  as  the  highly 
water  soluble  metabolites.  A  recent  report  by  Wallace  et  al.  (1975)  describes  a 
TLC  method  that  provides  a  sensitivity  level  of  approximately  0.1  jug/ml  for 
cocaine  and  0.25  jug/ml  for  benzoylecgonine  if  5  ml  of  urine  is  analyzed.  The 
procedure  utilizes  Dragendorffs  reagent  followed  by  an  overspray  with  dilute 
sulfuric  acid  and  after  exposure  to  iodine  vapors.  The  metabolite  is  extracted 
from  urine  by  means  of  a  chloroform/ethanol  mixture  (80/20)  and  chromato¬ 
graphed  on  a  plate  with  a  chloroform/me  than  ol/ammonic  (100/20/1)  solvent. 

To  conduct  a  massive  screening  program  for  the  commonly  abused  drugs, 
it  is  required  that  as  many  of  the  steps  as  possible  in  the  overall  thin-layer  me¬ 
thod  be  optimized  and  simplified.  It  is  also  important  that  the  procedure  be 
automated  to  the  greatest  extent,  and  where  this  is  not  possible,  to  reduce  the 
time  required  for  the  individual  steps. 

Gas-liquid  Chromatographic  Procedures. 

The  available  instrumental  techniques  most  applicable  for  confirmatory 
drug  analysis  are:  gas-liquid  chromatography,  UV  and  visible  spectrophoto¬ 
metry,  mass  spectrometry,  and  nuclear  magnetic  resonance  spectrometry. 
Combinations  of  2  or  more  of  these  individual  techniques  should  be  em¬ 
ployed,  for  each  has  its  own  particular  application  and  advantages.  Gas-liquid 
chromatography  is  a  valuable  technique  because  of  its  low  cost,  sensitivity, 
and  separation  qualities;  however,  the  chromatographic  methods  lack  specifi¬ 
city  unless  the  compound  is  chromatographed  on  2  or  more  systems,  or  a  spe¬ 
cific  derivative  of  the  compound  is  prepared  and  subsequently  chromato¬ 
graphed.  Quantitative  results,  although  often  difficult  to  achieve  with  thin- 
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layer  chromatograms,  are  readily  obtained  on  gas-liquid  chromatograms. 
Infrared  spectrophotometric  spectrograms  are  very  specific,  but  time-consum¬ 
ing  purification  of  the  compound  is  generally  required  to  obtain  sensitive  and 
quantitative  results.  Sensitivity,  however,  is  generally  lacking.  Ultraviolet  ! 
spectrophotometry  is  a  sensitive  and  useful  technique,  since  many  drugs  have 
molecular  structures  that  are  highly  conducive  to  the  absorption  of  UV  radia- 
tions.  However,  many  compounds  either  do  not  absorb  UV  radiations  strong¬ 
ly  or  have  nonspecific  UV  spectra.  Mass  spectrometric  analyses  are  specific 
and  sensitive,  but  substantial  monetary  expenditures  are  required  and  the 
interpretation  of  the  results  can  be  very  difficult  unless  elaborate  computers 
are  utilized.  In  addition,  extensive  chemical  purification  of  the  biological  ex¬ 
tract  is  required  to  obtain  meaningful  GC/MS  results,  which  frequently  means 
separation  from  interfering  substances  by  chromatographic  techniques.  It  is 
evident  that  each  of  the  instrumental  techniques  has  its  limitations  in  screen¬ 
ing  biological  fluids  for  the  presence  of  drugs.  Wallace  et  al.  (1972)  reported  a 
sensitive,  highly  specific  gas-liquid  chromatographic  method  for  the  confirma¬ 
tory  determination  of  morphine  in  biological  specimens.  The  quantitative  me¬ 
thod  is  based  on  the  conversion  of  morphine  to  its  diacetyl  derivative,  an  ap¬ 
proach  that  is  preferable  to  the  procedure  that  determines  morphine  as  the 
free  base.  Preparation  of  the  diacetyl  derivative  of  morphine  has  several  ad¬ 
vantages,  a  major  one  being  that  absolute  dryness  is  not  a  requisite  for  quanti¬ 
tative  formation  of  the  required  derivative.  The  method  also  provides  an  ef¬ 
fective  mechanism  to  determine  heroin  in  solid  dosage  forms  including  illicit 
powders.  Recently  an  additional  report  by  Wallace  et  al.  (1974)  described  a 
method  for  determining  morphine  and  codeine  in  serum  at  nanogram  sensiti¬ 
vity.  The  procedure  involves  the  reaction  of  morphine  with  trifluoroacetic 
anhydride  and  using  similarly  derivatized  nalorphine  as  the  internal  standard. 
The  electron-capture  detector  is  used  and  constitutes  the  basis  for  enhanced 
sensitivity  over  flame  ionization  detection. 

Since  certain  drugs  lack  the  necessary  molecular  absorptivity  for  direct 
analysis  in  the  UV  and  visible  area  of  the  spectrum  and  others  are  not  readily 
detectable  on  thin-layer  chromatograms,  the  analyst  often  must  resort  to  the 
gas-liquid  chromatograph  (particularly  for  volatile  materials  such  as  the  alco¬ 
hols  and  amphetamine-type  compounds)  or  to  ultraviolet  recording  spectro¬ 
photometers  or  to  the  recording  spectrophotofluorometer  for  those  com¬ 
pounds  that  can  be  converted  to  ultraviolet  or  fluorescent  absorbing  deriva¬ 
tives. 

A  recent  report  (Wallace,  et  al,  1976)  relates  a  gas-liquid  chromatographic 
procedure  for  determining  cocaine  and  its  principal  metabolite,  benzoylec- 
gonine.  The  compounds  are  extracted  from  Urine  into  chloroform/ethanol 
(80/20,  V/V).  After  methylation  of  benzolecgonine  (BE),  both  a  methylated 
(combined  cocaine  and  BE)  and  non-methylated  (cocaine  only)  aliquot  of  the 
specimen  extract  are  analyzed.  Recovery  values  from  urine  of  93%  and  65% 
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for  cocaine  and  BE,  respecitvely,  and  72%  conversion  of  BE  to  cocaine  pro¬ 
vide  detection  limits  of  0.1  jug/ml  for  cocaine  and  0.2  jug/ ml  for  benzoylecgo- 
nine.  Data  obtained  by  utilization  of  the  above  mentioned  procedure  indi¬ 
cates  that  little  or  no  unchanged  cocaine  is  present  in  the  urine  of  heavy  users 
24  hours  after  the  last  dose  of  cocaine  regardless  of  its  magnitude. 

A  unique  application  of  the  electron  capture  detector  of  the  gas-liquid 
chromatograph  has  been  the  subject  of  2  recent  publications  in  Analytical 
Chemistry.  The  reports  (Hamilton,  et  al,  1975;  Wallace,  et  al.,  1975)  describe 
the  oxidation  of  amitriptyline/nortriptyline  to  a  polyaromatic  carbonyl  deri¬ 
vative,  anthraquinone,  that  has  the  instrinsic  capability  to  capture  electrons 
with  an  efficiency  comparable  to  that  of  polyhalogenated  compounds.  Oxida¬ 
tion  is  accomplished  by  employment  of  a  solution  of  ceric  sulfate-sulfuric 
acid.  The  product,  anthraquinone,  is  measured  by  electron-capture  gas-liquid 
chromatography.  Quantitation  of  the  procedure  is  enhanced  by  utilization  of 
ethylanthraquinone  as  the  internal  standard. 

Ultraviolet  Spectrophotometric  Procedures. 

For  a  number  of  the  more  common  therapeutic  agents,  methods  have  been 
developed  within  the  laboratory  of  the  author  which  enable  weak  or  nonspe¬ 
cific  UV-absorbing  drugs  to  be  converted  to  strongly  absorbing  products.  The 
spectrophotometer  can  be  effectively  utilized  as  a  means  to  confirm  data  ob¬ 
tained  from  indicative  peaks  on  the  gas-liquid  chromatogram  or  from  uniden¬ 
tifiable  spots  on  the  thin-layer  chromatogram.  Drugs  that  are  weakly  absorb¬ 
ing  in  the  UV  region,  for  which  methods  for  conversion  to  strongly  UV-ab- 
sorbing  products  have  been  reported,  are  numerous.  Techniques  of  this  nature 
adequately  meet  the  requirements  for  speed,  accuracy,  specificity,  and  sensiti¬ 
vity.  Diphenylhydantoin,  an  important  anticonvulsant,  has  low  affinity  for 
UV  radiations,  but  is  made  very  strongly  absorbing  when  converted  by  con¬ 
trolled  permanganate  oxidation  to  the  product,  benzophenone  (Wallace, 
1968).  By  an  improved  methodology,  it  has  been  possible  to  analyze  simul¬ 
taneously  for  diphenylhydantoin  and  the  barbiturates  in  the  same  biological 
extract,  thus  saving  considerable  analysis  time  (Wallace,  1969).  Phenylbuta¬ 
zone  has  a  nonspecific  UV  absorption  pattern  in  the  250  to  260  nm  region,  as 
do  all  compounds  exhibiting  the  benzenoid  structure,  yet  it  may  also  be  con¬ 
verted  by  permanganate  oxidation  to  a  produce  (azobenzene),  which  has  a 
high  molar  absorbance  and  a  characteristic  absorption  spectrum  at  310  nm 
(Wallace,  1968).  Alkaline  drugs  such  as  amphetamine,  including  methamphe- 
tamine  since  it  is  almost  completely  metabolized  to  amphetamine  (Wallace, 
et  al,  1968),  propoxyphene  (Wallace,  et  al.,  1972),  and  ephedrine  (Wallace, 
1967),  are  further  examples.  Gas  chromatographic  analysis  is  required  to  spe¬ 
cifically  identify  unchanged  methamphetamine.  These  alkaline  drugs  absorb 
UV  radiations  weakly  in  their  original  molecular  configuration,  but  can  be 
converted  to  specific,  strongly  absorbing  products.  Ah  oxidized  product  from 
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Methamphetamine  Blood  0.01-0.08  0.4-0.8 


Table  1  (cont’d) 
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ephedrine  can  be  further  converted  to  a  semicarbazone  that  affords  a  spectra 
from  which  greater  specificity  and  sensitivity  can  be  obtained. 

Although  the  solvent-soluble  drug  phenaglycodol  exhibits  a  moderate  ab¬ 
sorbance  within  the  UV  region,  it  is  not  easily  detected.  It  absorbs  very 
strongly  at  approximately  220  nm,  but  at  this  wavelength  its  presence  is  often 
masked  by  absorbance  from  the  solvent  or  by  contamination  from  normal 
biological  constituents  that  are  not  separated  from  the  drug  by  the  extraction 
process.  However,  phenaglycodol  may  be  converted  to  a  specific,  strongly  ab¬ 
sorbing  product,  which,  as  with  ephedrine,  may  be  further  converted  to  a 
semicarbazone  derivative  for  greater  sensitivity  and  specificity  (Wallace, 
1969).  The  highly  water-soluble  hypnotic  ethchlovynol  in  its  native  state 
is  an  extremely  poor  UV-absorbing  compound,  but  with  the  aid  of  an  acidic 
oxidation  procedure,  a  specific  reaction  product  is  obtained  which,  when  con¬ 
verted  to  its  semicarbazone  derivative,  is  readily  identified  by  UV  spectro¬ 
photometry  (Wallace,  et  al.,  1974). 

The  neutral  drug  meprobamate  and  the  basic  drug  imiprarnine  are  also  not 
readily  analyzed  by  UV  spectrophotometry.  Although  they  can  be  effective¬ 
ly  analyzed  by  gas  chromatography,  the  presence  of  meprobamate  can  be 
easily  detected  with  a  sensitive  and  specific  colorimetric  test  for  carbamates 
(Hoffman  and  Ludwig,  1959).  The  advantages  of  such  a  test  is  its  simplicity 
and  low-cost  instrumentation  required.  Similarly,  imiprarnine  is  converted  by 
cerium  oxidation  to  a  colored  complex  (Wallace  and  Biggs,  1969)  and  is 
quantitated  by  measuring  the  absorbance  of  the  complex  at  620  nm. 

An  accurate,  simple  gas-liquid  chromatographic  procedure  for  the  deter¬ 
mination  of  the  presence  of  volatile  substances,  such  as  the  low  molecular 
weight  alcohols,  has  much  merit  and  should  be  discussed.  By  use  of  the  head 
space  in  conjunction  with  a  salting-out  technique  (Hoffman  and  Ludwig, 
1959),  a  wide  variety  of  alcohols  and  other  volatiles  may  be  quickly  identi¬ 
fied  and  quantitated  by  gas-liquid  chromatography.  Any  variability  resulting 
from  the  effect  of  temperature  and  pressure  on  the  gas  volumes  can  be  allevi¬ 
ated  by  utilization  of  a  suitable  internal  standard  such  as  n-propanol. 

LSD  is  metabolized  in  vivo  to  3  or  4  different  compounds  that  are  rapidly 
excreted  in  the  bile.  Current  techniques  utilized  for  the  determination  of  the 
presence  of  LSD  in  biological  specimens  are  largely  inadequate  and  lack  the 
necessary  sensitivity  and  specificity  (Martin  and  Alexander,  1968).  For  exam¬ 
ple,  blood,  probably  the  specimen  of  choice,  has  normal  constituents  (indole 
derivatives),  which  exhibit  spectrophotofluorometric  spectra  identical  to  that 
of  LSD.  Because  of  the  small  doses  of  the  latter  that  are  necessary  to  induce 
effect,  it  is  obvious  that  the  toxicologist  has  great  difficulty  in  the  analysis 
of  this  compound.  Of  further  interest  is  the  observation  that  less  than  1% 
of  ingested  LSD  is  excreted  in  the  urine  as  metabolites. 

It  is  often  difficult  to  ascertain  from  toxicological  data  whether  a  particu¬ 
lar  case  is  one  of  therapeutic  interest  or  drug  abuse.  Table  1  is  intended  as  an 
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aid  in  such  interpretation  and  illustrates  the  significance  of  blood  and/or 
urine  levels  of  some  of  the  more  commonly  abused  agents.  The  data  in 
column  2  also  provide  information  as  to  which  specimen  is  best  for  analysis 
of  a  specific  drug.  The  values  were,  in  many  instances,  obtained  by  the  analy¬ 
tical  methods  described  in  this  report. 

The  screening  of  biological  specimens  from  adults  (over  21  age  group)  for 
barbiturates,  opiates,  salicylates,  anticonvulsants,  amphetamines,  and  tran¬ 
quilizers  should  elucidate  the  drug  of  question  in  nearly  90%  of  the  cases. 
If  ethyl  alcohol  is  included,  this  percentage  would  be  significantly  higher. 

Specimen  requirements  for  toxicological  analyses,  while  simple,  are  criti¬ 
cal.  It  is  most  important  for  the  clinician  to  submit  proper  specimens  along 
with  toxicological  requests.  Requesting  agencies  are  frequently  in  doubt  as  to 
the  specimen  of  choice.  As  a  general  rule  for  clinical  evaluation  of  drug  abuse, 
blood  and  serum  are  the  perferred  specimens  for  acidic,  neutral  and  hallucin¬ 
ogenic  drugs,  and  urine  for  basic  and  amphoteric  drugs.  Ideally,  the  toxicolo¬ 
gist  should  be  contacted  before  submission  of  the  sample.  Drug-screening  ser¬ 
vices  are  vastly  improved  and  the  analytical  results  are  much  more  meaning¬ 
ful  when  close  communication  and  cooperation  between  the  clinician  and  the 
toxicologist  exists. 

Rapid  Procedure  for  Analyzing  a  Large  Number  of  Drugs 

In  an  emergency  situation  the  laboratory  analyst  must  be  prepared  to  pro¬ 
vide  the  clinician  with  an  immediate  answer  to  the  kinds  and  amounts  of  toxi¬ 
cological  agents  present  in  the  specimen.  The  ability  to  rapidly  identify  a 
large  number  of  possible  drugs  in  a  single  biologic  specimen  is  a  challenge  for 
the  analyst  working  in  support  of  the  emergency  room  or  intensive  care  unit. 

The  procedure  shown  in  Figs.  1  and  2  is  applicable  for  rapid  analyzing  for 
a  large  number  of  drugs  in  biological  specimens. 

Factors  Affecting  Erroneous  Results  in  Drug  Analysis 

The  usefulness  of  drug  testing  of  biological  specimens  depends  upon  the 
accuracy  of  the  positive  and/or  negative  results  obtained  (Mantalvo,  et  al., 
1972).  The  significance  of  accurate  results  is  most  obvious  at  the  time  the 
comatose  patient  is  delivered  to  the  emergency  room  and  the  attending  phy¬ 
sician  requests  a  “toxicology  screen”.  Quality  control  should  begin  with  the 
receiving  of  the  biological  specimen.  Even  if  the  analytical  method  is  ideal, 
mistakes  can  occur  during  the  initial  processing  of  the  sample  or  during  the 
transfer  to  the  laboratory  work  area.  Samples  to  be  analyzed  for  drugs  that 
are  conjugated  to  highly  water-soluble  metabolic  products  must  be  hy¬ 
drolyzed  either  with  an  appropriate  enzyme  or  high  temperature  in  the  pre¬ 
sence  of  hydrochloric  acid  to  effect  solvent  solubility  of  the  suspected  drug. 
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Figure  1.  Separation  and  Analysis  of  Alkaline  Extractable  Drugs 

Blood  (5  ml);  Urine  (20  ml) 

Add  1  ml  20%  sodium  borate  (warmed) 

Extract  with  50  ml  diethyl  ether 
Decant  and  collect  45  ml  ether;  discard  residue 
Shake  ether  with  10  ml  H20  and  discard  aqueous 
Extract  ether  with  dilute  acid* 

Separate  phases  and  scan  aqueous  layer  from  360  to  230  nm 
Wavelength  of 

Acid  Extract*  Max.  UV  Absorbance,  nm  Interpretation 

1.  2ml0.5NH2SO4  245  and  307  Libriilm  (chloridiaze  poxide) 

2.  2  ml  2N  HC1  241  and  285  Valium  (Diazepam) 

260,278,310  Phenothiazine 

The  analyst  is  referred  to  I.  Sunshine,  CRC  Handbook  of  Analytical  Toxicology 
(1969),  pp.  212-288  and  814-850  for  a  more  extensive  interpretation  of  ultraviolet 
spectrum. 

Experience  indicates  that  the  drug  scene  is  dynamic  with  local  variations  con¬ 
trolled  by  time  and  place.  Each  laboratory  should  direct  its  analytical  capabil¬ 
ities  toward  those  drugs  that  are  predominately  utilized  and  abused  in  its  area 
of  responsibility.  Factors  that  must  be  controlled  in  the  analyses  which  can 
contribute  to  erroneous  results  are  pH,  storage  of  specimen,  temperature, 
time  interval  after  collection,  extracting  solvent,  and  dirty  glassware.  Dilu¬ 
tion  of  the  biological  sample  must  be  considered.  Such  an  effect  may  result 
from  (1)  high  fluid  intake  by  the  patient;  (2)  edema  from  renal  or  cardiac 
disease;  (3)  inadvertantly  diluting  the  specimen.  Biological  specimens  can  also 
be  drastically  altered  from  pH  changes  that  follow  uncontrolled  bacterial  de¬ 
compositions,  e.g.,  deamination  of  proteins  in  blood  or  conversion  of  urea  to 
ammonia  in  urine.  Whereas  morphine,  quinine,  and  methadone  are  relatively 
stable  in  biological  specimens  stored  for  a  long  period  of  time,  cocaine,  bar¬ 
biturates,  and  amphetamines  are  not. 

SUMMARY 

It  is  surprising  that  approximately  10  pharmacological  agents  in  certain 
areas  of  the  country,  including  alcohol,  account  for  over  90%  of  all  drug  in¬ 
toxications.  In  drug  abuse  rehabilitation  programs  the  degree  of  success  is 
primarily  measured  by  the  results  obtained  by  the  drug-screening  laboratory. 
Certain  directors  of  such  programs  change  laboratories  in  order  to  obtain 
documented  results  (be  they  accurate  or  not)  that  place  their  organization  in 
good  standing  with  federal  funding  agencies.  The  best  analytical  programs  are 
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Figure  2.  Separation  and  Analysis  of  Acidic  and  Neutral  Drugs 
ANALYSIS  OF  BLOOD  AND  URINE 


Acid  Drugs 


Neutral  Drugs 


Barbiturates 
Diphenylhydantoin 
Acetyl  salicylic  acid 


Meprobamate 
Glutethimide 
Ethychlorvynol 
Doriden  -  plasma,  serum 


Blood  (5  ml)  ;  Urine  (20  ml) 

Adjust  pH  to  6.0 

Extract  with  50  ml  methylene  chloride 

Filter  -  collect  42-45  ml  filtrate  and  discard  residue 

Extract  solvent  (filtrate)  with  3  ml  0.45N  KOH  and  separate  aqueous  layer  from  solvent. 

Aqueous  Solvent 

2  ml  0.45N  KOH  Shake  solvent  with  3  ml  0.5N 

HC1  and  discard  aqueous. 

a.  UV  evaluation 

Max.  255  nm,  Min.  230  nm  -  Divide  solvent  into  3  10-15  ml 

Barbiturates  aliquots  and  evaporate  to  dryness 

b.  Adjust  to  pH  10.5  with  16% 

NH4C1  solution 
UV  differential  curve 

for  Barbiturates  —  260  nm  max. 
for  Salicylates  -  310  nm  max. 

c.  Transfer  3  ml  of  the  pH  10.5  solution 

to  reflux  flask  and  add: 

Ig  KMn04 
2  ml  8N  NaOH 

5  ml  N-Heptane  (spectroquality) 

Reflux  for  20  min  with  magnetic  stirring 
UV  evaluation  of  heptane 
Max  247  nm  —  Diphenylhydantoin  (Schmeck, 

generally  those  that  use  procedures  that  have  been  widely  accepted  by  the 
scientific  community  and  are  generally  simple  in  nature,  not  depending  upon 
highly  sophisticated  instrumentation.  A  simple  rapid  procedure  is  presented 
which  isolates  the  acid,  basic,  and  neutral  drugs  with  a  minimum  number  of 
reagents.  Confirmatory  tests  are  presented  for  the  more  common  pharmaco¬ 
logical  agents,  particularly  those  that  can  be  determined  by  UV  spectrophoto¬ 
metry  and/or  gas-liquid  chromatography  either  analyzing  the  original  drug  or 
a  suitable  oxidation  or  derivatized  product.  A  primary  concern  is  that  unique 


Evaluate  residues  as  follows:. 

a.  colorimetric  test  for  meproba¬ 

mate  (Wallace,  et  al,  1974) 

b.  UV  test  for  gluethimide 

(Knowlton  and  Goldbaum, 
1969) 

c.  UV  test  for  ethchlorvynol 

(Wallace,  et  al,  1974) 


1972) 
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or  variable  analytical  conditions  and  uncontrolled  parameters  lead  to  erron¬ 
eous  drug  testing  results.  The  fact  that  there  are  distinct  differences  between 
biological  specimens  obtained  from  various  patients  contributes  to  many  of 
the  difficulties  inherent  in  obtaining  valid  drug  levels.  Continued  research, 
particularly  of  a  comprehensive  nature  by  basic  scientists,  is  essential  to  suc¬ 
cessfully  overcome  many  of  the  problems  related  to  analysis  of  drugs  in  bio¬ 
logical  specimens.  Effective  analytical  methodology  can  contribute  signifi¬ 
cantly  to  emergency  treatment  of  poisoned  patients  as  well  as  curb  the 
random  abuse  of  drugs  by  the  unscrupulous.  For  the  toxicologist  to  be  of 
maximum  service,  the  drug  analysis  laboratory  in  its  clinical  application  must 
be  clearly  defined  in  terms  of  needs  and  requirements.  Such  an  urgent  re¬ 
quirement  must  be  decided  at  treatment  facilities  by  physicians  and  adminis¬ 
trators  in  consultation  with  analytical  and  clinical  toxicologists.  The  use  of 
complex  and  sophisticated  instrumentation  will  continue  to  dominate  the 
analytical  scene  and  will  eventually  provide  less  complex,  more  rapid,  and 
highly  sensitive  methods  of  analyses.  Combined  instrumentation  of  the  gas- 
liquid  chromatograph/mass  spectrometer  is  already  available,  which  can  signi¬ 
ficantly  reduce  the  need  for  elaborate  extraction  procedures  and  makes  ap¬ 
parent  the  approaching  day  of  direct  and  specific  analyses  in  biologic  ex¬ 
tracts.  For  the  present  time,  toxicologists  are  delegated  to  perform  in 
crowded  laboratories  with  unreasonably  large  amounts  of  work.  Neverthe¬ 
less  a  resistance  to  requests  for  “instant  results”,  which  promote  mediocre  or 
even  substandard  performance,  must  be  maintained  in  order  that  a  laboratory 
report  based  on  integrity  may  prevail  with  the  consolation  that  the  objective 
is  to  improve  the  health  care  for  a  considerable  number  of  hospitalized  pa¬ 
tients. 
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CONTINUOUS  INTERVAL  FUNCTIONS 
by  J.  A.  CHATFIELD 

Southwest  Texas  State  University,  San  Marcos,  78666 

Suppose  S  is  the  set  of  real  numbers.  All  functions  considered  are  from 
SXS  to  S  or  S  to  S  and  all  integrals  are  of  the  subdivision-refinement  type. 
Complete  definitions  of  these  and  other  terms  or  symbols  used  may  be  found 
in  Helton  (1966)  or  MacNerney  (1963). 

If  G  is  a  function  from  SXS  to  S  then  (a)  G  is  of  bounded  variation  on 
[a,b]  if  there  is  a  number  M  and  a  subdivision  D  of  [a,b]  such  that  if 

D’  =  (xj }  £_q  is  a  refinement  of  D',  then  2^  |  G(x-_j,  Xj)  |  <  M,  (b)  G  has 

property  C  on  [a,b]  only  if  for  each  d  >  0  there  is  a  subdivision  D  of  [a,b] 
such  that  if  D’  =  {  x^-Lq  is  a  refinement  of  D,  then,  |  G(Xj_2>  x^)  |  <  d, 
0  <  i  <  n,  and  (c)  G  is  bounded  on  [a,b]  if  there  is  a  number  M  and  a  subdi¬ 
vision  D  =  {  xj}j=o  °f  [a,b]  such  that  if  (p,q)  is  in  [xj_j,  Xj] ,  0  <  i  <  n, 

then  |  G(p,q)  |  <  M.  It  should  be  noted  that  functions  in  OB°  as  defined  by 
Helton  (1966)  constitute  a  proper  subset  of  the  class  of  functions  having 

property  (a).  Also,  functions  having  the  property  that  f^G2  =0  constitute 

a  proper  subset  of  the  class  functions  having  property  (b).  If  functions  having 
property  C  are  termed  continuous  interval  functions  then  the  main  theorems 
of  this  paper  give  necessary  and  sufficient  conditions  for  interval  functions 
to  be  continuous. 

Theorem  4.1  of  Helton  (1966)  could  have  been  stated  as: 

Theorem  1.  If  G  is  a  function  from  SXS  to  S  such  that  exists  and  for  each 

[x,y]  in  [a,b] ,  H(x,y)  =  |  G(x,y)  —  /£  G  |  ,  then  H  =  0. 

Theorem  2.  If  G  is  a  function  from  SXS  to  S  such  that  for  each  continuous 
f  from  S  to  S,  J^fG  exists,  then  G  is  bounded  on  [a,b] . 

Suppose  the  conclusion  is  false  and  M  is  a  number.  A  number  p  in  [a,b] 
may  be  found,  using  the  covering  theorem,  and  a  continuous  function  f  con¬ 
structed  so  that: 

(1)  if  a  <  s  <  p  <  b  then  there  is  a  number  y  such  that  s  <  y  <  p  and 
f(y)  G(s,p)  >  M, 

or  (2)  if  a  <  p  <  s  <  b  then  there  is  a  number  y  such  that  p  <  y  <  s  and 
The  Texas  Journal  of  Science,  Vol.  XXVII,  No.  1,  March,  1976. 
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f(y)  G(p,s)  >  M. 

Therefore,  J^fG  would  not  exist,  contrary  to  the  hypothesis,  so  that  G  must 
be  bounded  on  [a,b] . 

The  following  2  theorems  are  generalizations  of  2  theorems  stated  by 
Hildebrandt  (196  ,12.1  and  12.4).  The  proof  of  (12.1)  may  be  altered  and 
used  in  conjunction  with  Theorem  2  to  establish  the  following. 

Theorem  3.  If  G  is  a  function  from  SXS  to  S,  then  the  following  2  state¬ 
ments  are  equivalent: 

(1)  G  is  of  bounded  variation  on  [a,b]  and  G  is  in  OA°  (Hildebrandt, 
196  ). 

and  (2)  if  f  is  a  continuous  function  from  S  to  S,  then  fG  exists. 

Using  Theorem  3  and  altering  the  proof  of  (12.4)  to  suit  our  situation  the 
following  theorem  may  be  established. 

Theorem  4.  If  f  is  a  function  from  S  to  S  then  the  following  2  statements  are 
equivalent: 

(1)  ifG  is  of  bounded  variation  on  [a,b]  and  G  is  in  OA°,  then  J^fG  exists, 
and  (2)  f  is  continuous  on  [a,b] . 

The  following  lemma  may  be  established  using  the  covering  theorem. 

Lemma:  If  G  does  not  have  property  C  on  [a,b] ,  then  there  is  a  d  >  0  and  a 
number  p  in  [a,b]  such  that  (a)  if  a  <  s  <  p  <  b  then  there  is  a  z  in 
[s,p]  such  that  |  G(z,p)  |  >  d  or  (b)  if  a  <  p  <  s  <  b,  then  there  is  a 
z  in  [p,s]  such  that  |  G(p  ,s)  |  >  d. 

Theorem  5.  If  G  is  a  function  from  SXS  to  S  then  the  following  2  statements 
are  equivalent: 

(1)  G  is  in  OA°  and  G  has  property  C  on  [a,b] 
and  (2)  if  f  is  of  bounded  variation  on  [a,b] ,  then  fG  exists. 

Indication  of  proof:  Suppose  5(1)  is  true,  f  is  of  bounded  variation  on  [a,b] , 
and  d  >  0.  Then  there  is  a  subdivision  D  of  [a,b]  so  that  if  D’  is  any  refine¬ 
ment  of  D, 


s  f(sj)G(zj_1)zj)-2f(ti)G(xi_1)xi)| 


Zf(s.)/i  G  -  2f(t;)  |g(x;  ..xJ/'  g| 
d:  J  zj_i  d  1  L  1-1  1  Xj_j  J 


<2 

D’ 


f(Sj) 


2f(tj)  /'  G  | 
D  Xj_j 


1-1 
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+  2|f(ti)|.  |  G(Xj_|,  Xj)  —  Jxj_jG  I 

<  2  •  M  •  —  +  M  •  — . 

3:M  3M 

So  that  5(2)  is  true  if  5(1)  is  true. 

Suppose  5(2)  is  true  and  G  does  not  have  property  C  on  [a,b]  then,  from  the 
lemma,  there  is  a  d  >  0  and  a  number  p  in  [a,b]  such  that  (a)  if  a< s<p  <  b, 
then  there  is  a  z  in  [s,p]  such  that  |  G(z,p)  |  >  d  or  (]8)  if  a  <  p  <  s  <  b,  then 
there  is  a  z  in  [p,s]  such  that  |  G(p,s)  |  >  d.  Suppose,  for  convenience  (a)  is 
true  and  f(x)  =  1  if  x  =  p  and  0  otherwise.  Then  f  is  of  bounded  variation  on 

[a,b]  so  that  fG  exists  and  hence 


|  g f(ti)G(xi_1 ,  xj)  -  2;f(SjXj(Zj_1 .  4,)  |  <  d 

for  some  subdivision  D  =  {  x-  }-Lq  of  [a,b]  and  any  refinement  D’  =  {  Zj  }-Lq 

of  D,  where  t|  is  in  [x^ _ ^ ,  x^  and  Sj  is  in  [zj _ ^ ,  Zj] . 

Let  k  denote  the  largest  positive  integer  such  that  x^  <  p  and  q  denote  a 
number  in  [x^p]  such  that  |  G(z,p)  |  >  d.  Then,  if  we  choose  t-  =  x.  if 
x-  x^,  :t-  =  Xj_j  if  Xj  =  x^,  D’  =  D  +  p  +  q  =  {  z-  }J2q  and  for  each  0  <  j  <  m 
let  Sj  -  Zj  if  Zj  i'  p  and  Sj  =  p  if  Zj  =  p,  then 

d  >  |  Sf(tjXKxi_1,  xj)  -  ^,f(sj)G(Sj _ j ,  Sj)  | 


0  -  f(p)G(q,p) 


>d, 

which  is  a  contradiction  and  a  similar  contradiction  follows  if  (j3)  is  true,  so 
that  Theorem  5  is  established. 

Theorem  6.  If  f  is  a  function  from  S  to  S  then  the  following  2  statements  are 
equivalent: 

(1)  f  is  of  bounded  variation  on  [a,b] 

and  (2)  if  G  is  a  function  from  SXS  to  S  such  that  G  is  in  OA°  and  G  has 
property  C  on  [a,b] ,  then  J^fG  exists. 

Indication  of  proof:  If  6(1)  is  true  then  6(2)  follows  from  Theorem  5. 


Suppose  6(2)  is  true  and  f  is  not  of  bounded  variation  on  [a,b] ,  then  there 
is  a  number  p  in  [a,b]  such  that  (a)  if  a  <  s  <  p  <  b,  then  f  is  not  of  bounded 
variation  on  [s,p]  or  (j3)  if  a  <  p  <  s  <  b,  then  f  is  not  of  bounded  variation 
on  [p,x] .  Suppose  for  convenience  (a)  is  true. 

Since  /^fdx  exists  then  f  is  bounded  on  [a,b]  by  some  number  M.  Since  f 
is  bounded  on  [a,b]  and  f  is  not  of  bounded  variation  on  [s,p]  for  any  s,  then 
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there  is  a  sequence  of  subdivisions  D2 ,  D2  ...  such  that  Di  -  {  is  a 

subdivision  of  [a,b] ,  D2  =  {Xj}fi0  is  a  subdivision  of  [x^^,  p] ,  .  .  .  such 
that 

(1)2  |f(x.)-f(x.  j)|>3M,i=l,2,... 
and  (2)  if  A  =  Dj  —  p,  i  =  1,2,.. then  2  |  f(Xj)-f(Xj_j)  |  >M. 

Let  Q  denote  Xnp-1 

There  is  a  function  h  such  that  (1)  x^>Q  Kx)  =  0  (2)  for  each  a  <  s  <  Q  there 
is  a  subdivision  R  =  {pj  }!Lq  of  [a,s]  such  that  h  is  linear  on  [Pj_  j ,  pj] ,  i  =  1 , 

.  .  .  k,  and  |  h(pj_j)— h(p.)  |  > 4->. (3)  h(x)  =  0  if  Q  <  x  <  b,  (4)  h  is  contin¬ 
uous  on  [a,b] .  If  G(x,y)  =  h(y)— h(x)  for  each  [x,y]  in  [a,b] ,  then  G  is  addi¬ 
tive  on  [a,b]  and  G  has  property  C  on  [a,b]  so  that,  from  Theorem  5, 
/b  fG  exists  (A). 

Let  K  =  {X|}|Lj  denote  a  subdivision  of  [a,b] ,  k  denote  the  largest  posi¬ 
tive  integer  such  that  x^  <  Q,  r  denote  a  positive  integer  such  that  Df  +  x^  is 
a  subdivision  of  [x^,  Q] .  Let  s  be  a  positive  integer  such  that 


s  s 

2  -T >  1  and  D’  =  K  +  2  D;  =  {Zj}P?0 
i=r  1  i=r 

zi’ if  zi  -  xr  or  zi  >  Q 
Let  tj  =  0 

z-  ,,  if  x  <  Zj  <  Q  . 
o 

Then 

|2  f(ti)G(zi_1,  Zj)  -  2>f(z1)G(zj_1,  Zj) 

=  |  |r  2  [f(tj)  -  f(Zj)]  G(Zj_j,  Zj)  | 


=  2^  2  |  f(tj)-f(Zj)  |  h(Zj)-h(Zj_j)  | 
=  2-2  |  f(tj)-f(Zj)  | 

i=r  l  Dj  1 


INTERVAL  FUNCTIONS 


31 


s  1 

>  M  •  2  i 

i-r 

>  M 

Hence  if  K  is  any  subdivision  of  [a,b]  there  exists  a  refinement  D’  = 
{X|}|Lq  of  K  and  for  each  0  <  i  <  n,  a  number  4  in  [xj _ ^ ,  Xj]  such  that 

|  g.fKtiXHx^j,  34)  -  g  f  (xi)G(xi_1>  34)  |  >  M. 

So  that  fC  does  not  exist  contrary  to  (A). 

If  (P)  is  true  then  a  similar  argument  holds  so  that  Theorem  6  is  established. 
It  should  be  noted  that  a  function  G  may  not  have  the  property  that 

/k  G2=  0  and  still  satisfy  Theorem  5(2)  or  Theorem  6(2). 
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THREE  VOLTERRA  INTEGRAL  EQUATIONS 


by  J.  A.  CHATFIELD 

Southwest  Texas  State  University ,  San  Marcos  78666 
ABSTRACT 

Suppose  S  is  the  set  of  real  numbers  and  C  is  the  set  of  complex  numbers.  All  func¬ 
tions  will  be  functions  from  SXS  to  C  or  S  to  C.  Integrals  used  are  of  the  subdivision- 
refinement  type  and  complete  definition  of  these  and  other  terms  or  symbols  used  in  this 
paper  may  be  found  in  Helton  (1966)  or  MacNerney  (1963).  Product  Integrals  are  used 
to  solve  each  of  the  3  Volterra  integral  equations, 

f(x)=g(x)+/xli(x)f(t)dt, 

f(x)  =  g(x)  +  /xf(-t)dt, 
and  3 

f(x)  =  g(x)  +  /x(x-t)2f(t)dt. 

The  method  of  solution  of  the  latter  can  be  applied  to  solve  equations  of  the  form 
f(x)  =  g(x)  +  /;(x-t)nf(t)dt,  where  n  is  a  positive  integer. 

a 


A  relationship  between  exponentials  and  product  integrals  was  established 
in  Davis  and  Chatfield  (1970)  and  this  result,  together  with  some  results  of 
B.W.  Helton  (1966)  and  J.S.  MacNerney  (1963)  is  used  to  solve  the  2  Volterra 

Integral  Equations  f(x)  =  g(x)  +  / ^h(x)f(t)dt  and  f(x)  =  g(x)  +  / £f(-t)dt  and 
to  give  a  method  of  solution  for  equations  of  the  form 
f(x)  =  g(x)  +  /^x-t)nf(t)dt. 

Suppose  S  is  the  set  of  real  numbers  and  C  is  the  set  of  complex  numbers.  All 
functions  considered  will  be  functions  from  SXS  to  C  or  S  to  C.  Integrals  used 
are  of  the  subdivision-refinement  type  and  complete  definitions  of  these  and 
other  terms  or  symbols  used  in  this  paper  may  be  found  in  Helton  (1966)  or 
or  MacNerney  (1963). 

In  Helton  (1966,  Th.  5.2),  it  is  shown  that: 

Th.  0.  Suppose 

(1)  a  is  in  S,  f  and  h  are  functions  from  S  to  C  such  that  f(a)  =  h(a)  and  h  is 
of  bounded  variation, 

(2)  G,  H,  A,  and  B  are  functions  from  SXS  to  C  such  that  (1-H)-1  exists 
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and  is  B,  B  is  bounded,  |  Bdh— /Bdh  |  =  0,  for  each  X  in  S,  for  {x,y  }in  SXS, 
in  SXS,  A(y,x)  =  [1— H(x,y)]_1  [1+G(x,y)]and  A— 1  is  of  bounded  varia¬ 
tion  and 

(3)  h  is  a  constant  function  or  ^11^  A  exists  for  each  {x,y  }  in  SXS. 

The  following  2  statements  are  equivalent: 

(1)  (RL)  /*  |  (Hf+Gf)  -  (RL)  /  (Hf+Gf)  |  =  0  and 

f(x)  =  h(x)  +  (RL)/^Hf+Gf) 
for  each  element  {a,x}  of  SXS. 

(2)  if  {a,x,y  }  is  a  subdivision  of  the  element  {a,y  }  of  SXS,  then 

(L)/y  |  [IIA— A]  f  |  =  0 
and 

f(y)  =  (yIIxA)f(x)+R/y(yIItA)B(dh). 

In  Davis  and  Chatfield  (1970,  Th.  3),  the  following  2  statements  are  shown 
to  be  equivalent  for  functions  from  SXS  to  the  set  of  numbers. 

Theorem  1.  If  |  G2  |  =  0,  then  the  following  2  statements  are  equiva¬ 
lent: 

(1)  /^G  exists. 

(2)  aII^(l+G)  exists  and  is  not  zero. 

Furthermore,  if  either  (1)  or  (2)  is  true,  s\  G=logaIIb(l+G). 

The  proof,  as  given  as  Th.  3  in  1  is  sufficient  to  establish  Th.  1  for  functions 
from  SXS  to  C. 

Theorem  2.  If  a  belongs  to  S,  f,  g,  and  h  are  functions  from  S  to  C  such 
that 

(1)  f  has  bounded  variation  on  {a,x},  for  each  x  in  S, 

(2)  g  is  of  bounded  variation  on  {  a,x}for  each  X  in  S,  and  g(a)  =  f(a), 

(3)  for  each  x,  f(x)  =  g(x)  +  /^h(x)f(t)dt,  and 

(4)  for  each  x,  h—  *(x)  exists  and  h  is  bounded,  then,  for  each  x  in  S, 
f(x)  =  h(x)  [h~  1  (a)f(a)exp/^h(t)d(t)  +  /*exp(/*h(p)dp)dh_1(t)  g(t)]  • 

Proof.  For  each  x  in  S,  f(x)  =  g(x)  +  h(x)/^f(t)dt. 

Let  B(x)  =  h_1(x)f(x),  then 

B(x)  =  h~ 1  (x)g(x)  +  /aB(t)h(t)dt  and, 
from  Th.  0, 

B(x)  =  B(a)  aIIx(l+h(t)dt)  +/xd[h_1(t)g(t)]  tIIx(l  +  h(p)dp). 

So, 

f(x)  =  h(x)  [h- 1  (a)f(a)aIIx(  1  +h(t)dt)  +  /x  tIIx(l+h(p)dp)  dh-‘(t)g(t)] . 
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Since  h  is  bounded,  then  /*[hdt]2  =  0  and,  from  Theorem  1, 

f(x)  =  h(x)  {  h— 1(a)f(a)exp  (f^h(t)dt)  +  J^exp  (/*h(p)dp)dh~l(t)  g(t)}. 

Theorem  3.  Suppose  a  belongs  to  S  and  f  and  g  are  functions  from  S  to  C 
such  that: 

(1)  f  is  of  bounded  variation, 

(2)  g  is  of  bounded  variation,  and 

(3)  for  each  x  in  S,  f(x)  =  g(x)  +  /*f(— t)dt. 

Then,  for  each  x  in  S, 

f(x)  =  f(a)  aIIx(l-idt)  +  /x  tIIX  (1-idt)  dh, 
where 

h(x)  =  h(a)  aIIx  ( 1  +idt)  +  /x  tIIx  (1+idp)  d  [g(t)  +  S[  g(p)dp] . 

Proof. 

Since,  for  each  x  in  S, 

f(x)  =  g(x)+/xf(-t)dt, 

then  f(  x)  =  g(  x)  +  /“x  f(-t)dt , 
so  that  f(-x)  =  g(  x)  -  /x  a  f(p)dp 
and  f(-a)  =  g(-a)  -  £a  f(p)dp 

£a  f(p)dp  =  g(-a)  -  f(— a).  ( 1 ) 

Therefore, 

f(x)  =  g(x)  +  /xg-t  -  £a  f(p)dp  dt 
=  g(x)  +  ;xg(t)dt  -  Si  /*_af(p)dpdt 
=  g(x)  +  /xg(t)dt  -  Si  £a  f(p)dpdt  -  /x  S\  f(p)dpdt. 

From  (1),  it  follows  that 

f(x)  =  g(x)  +  /xg(t)dt  -  [g(— a)  -  f(— a)]  (x-a)  -  /x/^f(p)dpdt  (2) 
Let  h(x)  =  f(x)  +  i/*f(t)dt,  then,  from  (2), 

h(x)  =  g(x)  +  /x  g(t)dt  -  [g(— a)  -  f(— a](x— a)+  i/x f(t)dt  -  /x  /*  f(p)dpdt 
=  g(x)  +/xg(t)dt  -  [g(— a)  -  f(-a)](x— a)+  i/x [f(t)  +  i/af(p)dp]  dt 
=  g(x)  +/xg(t)dt  -  [g( — a)  -  f(— a)]  (x-a)  +  i/xh(t)dt. 

Then,  from  Theorem  0, 

h(x)  =  h(a)  aIIx(l+idt)  +  /xtIIx(l+idp)dB, 


(3) 


36 


THE  TEXAS  JOURNAL  OF  SCIENCE 


where  for  each  x, 

B(x)  =  g(x)  +  /xg(t)dt  -  [g(— a)  -  f(— a)]  (x-a) 

Since  f(x)  =  h(x)  -i/xf(t)dt, 
then,  from  Theorem  0, 

f(x)  =  f(a)  aIIx(l-idt)  +/^tnx(l-idt)dh.  (4) 

(3)  and  (4)  may  then  be  combined  to  obtain  the  solution  of  the  equation 
f(x)  =  g(x)  +  /xf(-t)dt. 

Note:  If  for  each  s,  g(x)  =  1,  then,  using  Theorem  1  and  elementary  calculus, 

f(x)  =  f(a)  cos(x— a)  +  f(— a)  sin  (x— a). 

The  following  theorem  gives  a  method  with  which  any  equation  of  the 
form, 

f(x)  =  g(x)  +  ;x (x-t)  nf(t)  dt,  n=l  ,2,  .  .  . 

may  be  solved.  So  that  the  method  of  solution  may  be  easily  followed  the 
solution  of  the  equation 

f(x)  =  1  +/x(x-t)2f(t)dt 

will  be  obtained. 

Theorem  4.  Suppose  a  belongs  to  S  and  f  is  a  function  of  bounded  varia¬ 
tion  from  S  to  C  such  that  for  each  x  in  S, 

f(x)=  1  +/x(x-t)2f(t)dt, 

then,  for  each  x  in  S, 


f(x)  = 


*2*3 


fe-rOOs-rO 

rlr3 

+  — — - - - - — 

(r3-r2)(r!-r2) 

*1*2 

+• - — — — — 

(11-13X12-13) 


exp  krj  (x-a) 


exp  kr2  (x— a) 
exp  kr3  (x-a), 


where  r! ,  r2 ,  and  r3  are  the  three  cube  roots  of  1  and  k  is  the  positive  cube 
root  of  2. 

Proof:  If  x  is  in  S,  then 

f(x)  =  1  +  /x(x-t)2  f(t)dt  =  1  +  2/x4/Pf(r)drdpdt. 

Therefore, 

f(x)-k(r  1  +r2  +r3  )/xf(t)dt+k2  (r ,  r2  +r2  r3  +r  x  r3  /x/*  f(p)dpdt 
=  1  +2/x/‘/Pf(r)drdpdt 


INTEGRAL  EQUATIONS 


37 


and,  f(x)  -  k(r  i+ra)/gf(t)dt+k2(r1r3)J'^f(p)dpdt 

=  1  +kr3J'^f(t)dt-k2(r3r1+r2r3)/:^/*f(p)dpdt 
+  2r,r2r3/x/t  j|f(r)drdpdt. 

Let  B(x)  =  f(x)  -  k  (r,+r2)/^f(t)dt+k2r1r2/^/*  f(p)dpdt, 
then, 

B(x)  =  1  +  kr3/xB(t)dt 

=  aIIx(l+kr3dt)  (Th.  0) 

=  e  kr3(x-a)  (xh  1} 

Therefore, 

f(x)  -  k(r,+r2)/xf(t)dt  +  k2r1r2/x/taf(p)dpdt  =  B(x). 
and 

f(x)  -  kr,/xf(t)dt=  B(x)  +  Kr2/Xf(p)dt  -  k2r,r,/*/‘ f(p)dpdt. 

Let  H(x)  =  f(x)  -  kr,/x  f(t)dt  (5) 

for  each  x,  then 

H(x)  =  B(x)  +  kr2/x  H(t)  dt 

=  aIIx'(l+kr2dt)  +  /x  tIIx(l+kr2dt)dB  (Th.  0) 

=  e^Cx-a)  +  /xekr2(x-t)  dekr3(t_a) 

=  ekr3^x-a) - L2_ekr2(x-a) 

kr3_kr2  r3-r2 

Therefore,  from  (5) 

f(x)  =  H(x)+kr,/xf(t)dt 

=aIIx(  1  +kr i dt)  +  /xtIIx(l+kridt)dH  (Th.  0) 

=  ekrj(x— a)  +  jX  gkr^x-t)  dH  (Th.  1) 

=  7 - ^ - 7  exp  kr !  (x-a) 

(r2-ri)(r3-ri) 

+  7 - ^ - -  exp  kr3(x— a). 

(ri— r3)  (r2— r3) 
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THE  TRUNCATED  NORMAL  DENSITY 
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Springlake-Earth  High  School ,  Earth  79031 
and  DERALD  WALLING 

Dept,  of  Mathematics ,  Texas  Tech  University ,  Lubbock , 
79409 

Mood  (1963)  mentions  —  as  part  of  a  problem  —  a  truncated  normal  den¬ 
sity  of  form 


f(k)  = 


/2waa 


-  -(*-u) 

2a2 


x  <  a 


(1) 


=  0  , 


where 


x  >  a 


a 

a  =  / 


/2w 


-  (x-y) 

o  2 
2  a 


dx 


(2) 


tfnd  claims  that 

E  [g-—  In  f  (x)]  =  0 


and  that 


EIt;  In  f(x)]  =  0  . 

a  O 

The  truncated  normal  of  form  (1)  is  rarely  mentioned  in  literature  and  yet 
it  serves  as  an  excellent  density  to  work  with  when  one  is  first  learning  some 
basic  probability  theory  and  statistics  theory. 
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We  hope  to  set  forth  in  this  paper  some  basic  results  so  that  others  might 
more  easily  be  able  to  use  this  density  in  the  classroom. 

For  ease  in  notation,  we  introduce  the  notation 


N[x;  y  ,0  ]  = 

and  note  that 

N[x;  y,a2]  = 


(x-y) 

x  ,  ,2 

e  dx 


/  ~~r 

-CO  /2ttcj 


(x-y) 

x  .  „  2 

/  — L-  e  2a 

-00  /2rro 


dx 


x-y 

a 


J  £  J  * 


(3) 


=  NI^H;  0,1] 


(4) 


Hence, 

a  =  N[^H;  0,1] 


Of  course,  for  a  given  value  b,  N[b;  0,  1]  is  read  directly  from  the  usual  cu¬ 
mulative  normal  table. 

For  the  normal  density 


fn(x) 


(x-y) 

2a2 


/2¥c 


(5) 


it  can  be  easily  verified  that  the  E[X]  is  indeed  jn  and  the  Var[X]  is  indeed 
a2.  Let  Ex[X]  be  the  mean  of  the  random  variable  associated  with  the 
truncated  normal  (1)  and  let  VarptX]  be  its  variance. 

Now, 
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ET[X] 


/  — ~ 
-°°  /2ir0a 


(x-y)* 

e  dx 


a-y 

=  i  /  M±2Z  e-^dy 
a  -«  /2? 

(a-y)2 


=  y  - 


a  2  a 
e 


a/2? 


(6) 


and  we  can  see  that  Ej  [X]  <  \ u,  as  we  would  expect. 
We  also  note  that  the 

VarT [X] 


(x-y) 

T 


/  _*L  e  20  dx  - 

-o°  /2rTaa 


a-y 

/  iH+£Xl^  e-y2/2dy  - 
-«  a/2rf 

(a-y)2 

q2  _  a (a-y)  e  2 a2 
a/Tn 


y  - 


(a-y) 

- 2 —  z 

a  2  a 
e 


a/5? 


y  - 


(a-y) 

a  2  a2 

e 


a/2Tt 


(a-y) 


a2  (2tt) 


(6) 


For  a-jU  >  0,  it  is  evident  that  Varj[X]  <  a2.  For  a -ju  <  0,  we  note  that 
since  a  >  Ej[X]  is  always  true,  we  have  that 

(a-y) 2 


_  a  2a 

a  >_  y  -  — -  e 

a/2 ? 
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and,  hence, 


(a-y) 


y  -  a  < 


a  2  a 

—  e 


a/2rr 

Multiplying  both  sides  of  (7)  by 


(7) 


(a-y) 
5“ 


a  2  a 

e 


a/2rf 


a  positive  or  zero  expression,  we  obtain 


(a-y) 


(a-y) 


a2  (2ir) 


>  q  (ya)  e  2 a 
~  a/Tfr 


(8) 


Examination  of  (8)  combined  with  (6)  shows  that  Varp[X]  <  a2  even  when 
a— ju  <  0. 

To  find  the  median,  associated  with  (1),  we  note  that 


m 


dT 

-oo  /2 ¥aa 


(x-y) 


1  2a 

-  e 


dx  =  J 


i.e. 


m 


(x-y) 

dT  i  ',~72 

r  1  2a  j  a 

/  7=7-  e  dx  =  2 

-oo  /27ra 


and  thus  to  find  m^j  we  must  use 


N[ 


mdT-^ 


a-y 


NF-^;  0,1] 
;  0,1]  =  - 2L_ - 


(9) 
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An  examination  of  (1)  easily  shows  that  the  mode,  associated  with 

(1)  is  such  that 

mQT  =  ju,  a  >  jjl 

=  a,  a<  n  (10) 

The  following  table  sets  forth  some  of  the  more  interesting  results  that  we 
observed. 


TABLE 


a 

U 

Et[X] 

2 

0 

VarT[X] 

m0T 

dT 

40 

10 

9.956 

100 

98.667 

10 

10 

20 

10 

9.963 

25 

22.151 

10 

9.85 

5 

10 

1.643 

25 

8.667 

5 

2.95 

5 

0 

-1.602 

25 

14.924 

0 

-1 

0 

-5 

-10.642 

100 

45.872 

-5 

-8.9 

-5 

5 

-8.243 

25 

15.662 

-5 

-6.4 

-10 

-20 

-20.308 

25 

21. 847 

-20 

-20.15 

-30 

0 

-37.915 

100 

3.440 

-30 

-32.1 

-30 

-20 

-33.243 

25 

15.662 

-30 

-31.4 

In  conclusion,  we  also  point  out  that  when  (1)  is  used,  then  for  some 

point  t,  t  <  a,  ,  x  2 

(x-y) 

t  .  ~  2 

P[X  <  t]  =  /  — - —  e  0  dx 


-oo  /2ttci a 

imt; 

u,cr  ] 

0,1] 

Nl  0‘  ; 

0,1] 

(11) 
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which  allows  us  to  handle  a  host  of  problems  such  as  if  a=  3,  p 


P[X  <  2] 


n [— jjj— ■;  o,i] 
N[^i;  0,1]" 


0.6915  ^ 
0.8413  ~ 


=1,  o2  =  4,  then 


0.8219  . 


The  above  are  a  few  thoughts  concerning  (1).  Again,  (1)  seems  to  be  a  very 
interesting  density  for  classwork.  It  has  proved  so  for  our  classes. 
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ABSTRACT 


A  subset  A  of  a  topological  space  X  is  said  to  be  semi-open  if  there  exists  an  open 
set  U  such  that  U  C  A  C  C1(U),  where  C1(U)  denotes  the  closure  of  U.  A  function  f:X~>Y 
is  said  to  be  semi-continuous  (irresolute)  if  the  inverse  image  of  every  open  (semi-open) 
set  is  semi-open.  Basic  properties  of  both  types  of  functions  are  investigated;  in  particu¬ 
lar,  their  extendability  on  subspaces. 

INTRODUCTION 

Norman  Levine  (1963)  defined  a  set  A  in  a  topological  space  X  to  be  semi¬ 
open  if  there  exists  an  open  set  U  such  that  UCACCl(U),  where  C1(U)  denotes 
the  closure  of  U.  The  class  of  semi-open  sets  for  a  space  X  is  denoted  S.O.(X). 
S.  Gene  Crossley  and  S.  K.  Hildebrand  (1971)  defined  a  set  to  be  semi-closed 
provided  its  complement  is  semi-open.  A  function  f:X->Y  is  said  to  be  semi- 
continuous  (Levine,  1963,  Definition  4),  abrreviated  s.c.,  if  (V)  E  S.O.(X) 
for  every  open  set  V  in  Y,  and  is  said  to  be  irresolute  (Crossley,  Hildebrand, 
1972,  Definition  1.1)  if  f~ 1(A)  E  S.O.(X)  for  every  A  E  S.O.(Y). 

Semi-continuous  functions  have  been  studied  in  Crossley  and  Hildebrand 
(1971)  and  Levine  (1963),  and  irresolute  functions  were  introduced  and  stu¬ 
died  in  Crossley  and  Hildebrand  (1972).  In  this  paper  basic  properties  of  both 
types  of  functions  are  investigated. 

SEMI-CONTINUOUS  FUNCTIONS 

First  we  will  show  how  a  s.c.  function  can  be  constructed  by  “pasting” 
together  a  collection  of  locally  s.c.  functions. 

Theorem  Z 1 .  Let  A  E  S.O.(X).  Then  S.O.(A)  C  S.O.(X). 

Proof  Note  that  if  U  C  A  is  open  in  A,  then  U  =  A  n  y  for  some  V  open  in 
X  implies  U  E  S.O.(X)  by  Theorem  9  of  Crossley  and  Hildebrand  (1971).  Let 
B  E  S.O.(A).  By  definition  there  exists  an  open  set  U  in  A  such  that 
UCBC  C1A(U).  Observe  that  C1A(U)  C  C1X(U).  Hence  we  have  UCBC  C1X(U) 
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and  U  G  S.O.(X)  so  that  B  G  S.O.(X)  by  Theorem  3  of  Levine  (1963). 

Theorem  2.2.  Let  f:X-»Y.  If  X  =  U{Aa:aGA},  {  Aa:aG  A}C  S.O.(X), 
and  the  restriction  of  f  to  Aa  is  s.c.  for  every  o:  G  a  then  f  is  s.c.. 

Proof.  Let  (f  |  Aa):A^->Y  denote  the  restriction  of  f  to  Aa.  For  V  open  in 
Y  we  have 

r‘(V)  =  U{r‘(V)nAa:a6A}  =  U  {(f  |  Aa>— 1  (V):«  £  A } 

and  the  last  set  is  semi-open  by  Theorem  2.1  together  with  Theorem  2  of 
Levine  (1963). 

The  following  example  shows  the  converse  of  Theorem  2.3  is  not  true  in 
general. 

Example  2.3.  Let  f:  [0,1]-»[0,1]  be  defined  by  f(x)  =  1  if  0  <  x  <  %, 
f(x)  =  Vl  if  %  <  x  <  Vi,  and  f(x)  =  0  if  Vi  <  x  <  1 .  The  function  f  is  s.c.  but 
{  [0 ?A\ ,  ,  (fc,l]  } is  a  cover  of  [0,1]  by  semi-open  sets  and  (f  | 

is  not  s.c.. 

Since  an  arbitrary  union  of  semi-open  sets  is  semi-open  (Levine,  1963, 
Theorem  2),  it  follows  from  De  Morgan’s  rules  that  an  arbitrary  intersection 
of  semi-closed  sets  is  semi-closed.  Consequently,  the  semi-closure  (Crossley, 
Hildebrand,  1971,  Definition  1.2)  of  a  set  B,  denoted  sc(B),  is  defined  to  be 
the  intersection  of  all  semi-closed  sets  that  contain  B. 

Theorem  2.4.  The  image  of  a  separable  space  under  a  s.c.  function  is 
separable. 

Proof.  Let  f:X->Y  be  a  s.c.  surjection  and  let  DCXbea  countable  dense 
subset  of  X.  Observe  that  D  being  dense  implies  sc(D)  =  X.  Since  f  is  s.c.,  we 
have  f(sc(D)  )  C  Cl(f(D)  )  by  Theorem  1.16  (Crossley  and  Hildebrand,  1971). 
Hence  f(D)  is  a  countable  dense  subset  of  Y. 

Corollary  2.5.  If  f:X->Y  is  a  s.c.  surjection  from  a  metric  space  X  onto  a 
metric  space  Y,  then  X  second  countable  (Lindelof,  separable)  implies  Y  is 
second  countable  (Lindelof,  separable). 

Proof  It  is  well  known  (Dugundji,  1966,  Theorem  5.6,  p.  187)  that  in  me¬ 
tric  spaces  the  concepts  of  separability,  second  countability,  and  Lindelof  are 
equivalent.  Hence  the  corollary  follows  from  Theorem  2.4. 

In  (Crossley  and  Hildebrand,  1971,  Theorem  1.3)  it  is  shown  that  a  func¬ 
tion  f:X-*Y  is  s.c.  if  and  only  if  the  inverse  image  of  every  closed  set  in  Y  is 
semi-closed  in  X.  An  application  of  this  theorem  yields  the  following  result. 

Theorem  2.6.  If  f:X->Y  is  s.c.  and  Y  is  Hausdorff,  then  { (x,y)  :  f(x)  =  f(y) } 
is  a  semi-closed  subset  of  X  x  X. 


Proof  By  Theorem  14  (Levine,  1963)  the  function  F:X  x  X->Y  x  Y  de- 


FUNCTIONS 


47 


fined  by  F(x,y)  =  (f(x),f(y)  )  is  s.c..  The  set  {  (x,y)  :  f(x)  =  f(y)  }  is  the  in¬ 
verse  image  under  F  of  the  closed  diagonal  in  Y  x  Y. 

A  subset  A  of  a  space  X  is  called  a  semi-retract  of  X  if  there  exists  a  s.c. 
function  f:X~»A  such  that  f(x)  =  x  for  every  x  E  A.  The  function  f  is  called  a 
semi-retraction  of  X  onto  A. 

Theorem  2. 7.  If  A  is  a  semi-retract  of  a  Hausdorff  space,  then  A  is  semi- 
closed. 

Proof.  Let  f:X=^A  be  a  semi-retraction  and  suppose  x  ^  A.  Then  f(x)E  A 
implies  x  =£  f(x).  Let  U  and  V  be  disjoint  open  sets  such  that  x  E  U,  and 
f(x)  E  V.  By  Theorem  12  (Levine,  1963)  there  exists  a  W  E  S.O.(X)  such  that 
x  E  W  and  f(W)  C  V.  Note  that  xEWHUandWnUE  S.O.(X).  Also, 
(W  H  U)  H  A  =  $  since  these  points  would  have  to  remain  fixed  under  f  and 
hence  could  not  be  mapped  into  V.  We  have  shown  X  —  A  is  semi-open  and 
therefore  A  is  semi-closed. 

The  reader  can  easily  construct  an  example  of  a  semi-retract  (of  [0,1]  say) 
which  is  not  a  retract.  An  application  of  the  following  theorem  will  establish 
an  abundance  of  semi-retracts. 

Theorem  2.8.  Let  f:X-*Y  and  let  f^:X-*X  x  Y  denote  the  function  defined 
by  fy(x)  =  (x,f(x)  ).  Then  f  is  s.c.  if  and  only  if  f^  is  s.c.. 

Proof.  The  function  f^.  is  commonly  known  as  the  “graph  function  of  f ’. 

Necessity.  Let  U  x  V  be  a  basic  open  set  in  X  x  Y.  Then  C"1  (U  x  V)  = 
Unf“1(V)ES.O.(X).  7 

Sufficiency.  The  function  f  is  the  composition  of  the  continuous  projec¬ 
tion  onto  Y  and  the  s.c.  f^,  and  such  a  composition  yields  a  s.c.  function. 

Corollary  2.9.  If  f:X->X  is  s.c.  and  X  Hausdorff,  then  the  set  of  fixed 
points  of  f  is  semi-closed. 

Proof.  Let  A  denote  the  closed  diagonal  in  X  x  X.  Then 
{x:  f(x)  =  x}=f^1(A). 

The  following  theorem  contains  the  application  of  Theorem  2.8  promised 
in  the  above  paragraph. 

Theorem  2.10.  Let  f:X->Y  be  s.c..  Then  the  graph  of  f,  denoted  Gr(f),  is 
a  semi-retract  of  X  x  Y. 

Proof  The  function  F:X  x  Y->Gr(f)  defined  by  F(x,y)  =  f^(x)  is  a  semi¬ 
retraction  of  X  x  Y  onto  Gr(f). 

Corollary  2.11.  If  f:X->Y  is  s.c.  and  X  and  Y  are  Hausdorff,  then  Gr(f) 
is  semi-closed  in  X  x  Y. 

Proof.  Theorem  2.7  and  Theorem  2.10. 

The  following  theorem  characterizes  semi-retracts  in  terms  of  the  extenda- 
bility  of  continuous  functions. 
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Theorem  2. 12.  Let  A  C  X.  A  is  a  semi-retract  of  X  if  and  only  if  for  any 
space  Y  and  continuous  f:A->Y,  f  can  be  extended  to  a  s.c.  function  on  X. 

Proof.  Necessity.  Let  s:X->A  be  a  semi-retraction.  If  f:A->Y  is  continuous, 
thenfs:X->Y  is  a  s.c.  extension  of  f. 

Sufficiency.  Take  Y  =  A  and  f  to  be  the  identity  map  on  A.  The  extension 
of  f  is  a  semi-retraction  of  X  onto  A. 

Corollary  2. 13.  Let  A  C  B  C  X.  If  B  is  a  semi-retract  of  X  and  A  is  a  retract 
of  B,  then  A  is  a  semi-retract  of  X. 

The  straightforward  proof  is  omitted. 

We  conclude  this  section  on  s.c.  functions  with  the  following  important  if 
not  surprising  result. 

Theorem  2.14.  The  property  of  being  a  semi-retract  is  a  topological  pro¬ 
perty. 

Proof.  Let  f: X~>A  be  a  semi-retraction  of  X  onto  A,  and  let  H:X->Y  be  a 
homeomorphism.  It  follows  from  Theorem  1.8  of  Crossley  and  Hildebrand 
(1972)  that  HfH— 1 :  Y->H(A)  is  a  semi-retraction  of  Y  onto  H(A). 

IRRESOLUTE  FUNCTIONS 

In  this  section  we  are  primarily  concerned  with  the  extendability  of  irreso¬ 
lute  functions.  Irresolute  retract,  denoted  by  I— retract,  and  irresolute  retrac¬ 
tion,  denoted  by  I— retraction,  are  defined  in  the  obvious  manner. 

A  subset  of  a  space  X  is  condensed  (Isomichi,  1971,  Definition  2)  if  it  is 
both  semi-open  and  semi-closed.  The  following  theorem  gives  a  sufficient  con¬ 
dition  for  a  subset  A  of  a  space  X  to  be  an  I— retract  of  X. 

Theorem  3. 1.  Let  A  C  X.  If  A  is  condensed  then  A  is  an  I— retract  of  X. 

Proof  Define  f:X~>A  by  f(x)  =  x  if  x  G  A  and  f(x)  =  a  for  some  fixed 
a  E  A  if  x  ^  A.  It  follows  from  Theorem  2.1  that  f  is  irresolute. 

The  following  example  shows  that  the  converse  of  Theorem  3.1  does  not 
hold  in  general. 

Example  3.2.  Let  f:  [0,1] ->{14}  be  the  constant  map.  The  function  f  is  an 
I— retraction,  but  {  14} is  not  semi-open  and  hence  not  condensed. 

Theorem  3.3.  A  C  X  is  an  I— retract  of  X  if  and  only  if  for  any  space  Y  and 
irresolute  f:A-^Y,  f  can  be  extended  to  an  irresolute  function  on  X. 

Proof  Observe  that  the  composition  of  irresolute  functions  is  irresolute. 
The  remainder  of  the  proof  is  similar  to  the  proof  of  Theorem  2.12. 

Corollary  3.4.  Let  A  be  a  condensed  subset  of  a  space  X.  If  f:A->Y  is 
irresolute,  then  f  can  be  extended  to  an  irresolute  function  on  X. 

Proof.  Theorem  3.1  and  Theorem  3.3. 
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Theorem  3.5.  Let  f:X->Y.  If  f  is  irresolute,  then  f  is  irresolute,  but  the 
converse  does  not  hold  in  general. 

Proof.  Let  P(Y)  denote  the  projection  of  X  x  Y  onto  Y.  Since  P(Y)  is  con¬ 
tinuous  and  open,  P(Y)  is  irresolute  by  Theorem  1.2  of  Crossley  and  Hilde¬ 
brand  (1972).  Thus  f  =  P(Y)f^is  irresolute. 

The  identity  map  on  [0,1]  shows  that  the  converse  does  not  hold  in 
general. 

A  bijection  f:X->Y  is  a  semi-homeomorphism  (Crossley  and  Hildebrand, 
1973,  Definition  1.3)  if  f  and  f— 1  are  irresolute.  Properties  preserved  by  semi- 
homeomorphisms  are  called  semi-topological  properties.  These  properties  are 
the  object  of  investigation  in  Crossley  and  Hildebrand  (1973).  The  following 
theorem  is  a  fitting  conclusion  to  this  paper. 

Theorem  3.6.  The  property  of  being  an  I— retract  is  a  semi-topological 
property. 

Proof.  The  proof  is  similar  to  the  proof  of  Theorem  2.14. 
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ABSTRACT 


The  Moore-Penrose  generalized  inverse  of  a  skew-centrosymmetric  matrix  of  even 
order  n  =  2m  is  determined  in  terms  of  generalized  inverses  of  2  matrices  of  order  m.  For 
skew-centrosymmetric  matrices  of  odd  order  n  =  2m  +  1,  the  generalized  inverse  is  deter¬ 
mined  in  terms  of  inverses  of  2  matrices,  one  of  order  m  +  1  and  one  of  order  m.  Similar¬ 
ly,  the  generalized  inverse  is  given  in  certain  cases  of  matrices  which  can  be  partitioned 
into  centro symmetric  or  skew-centrosymmetric  submatrices. 


INTRODUCTION  AND  NOTATION 

A  substantial  literature  has  recently  appeared  on  the  concept  of  generalized 
inverses  of  singular  or  non-square  matrices  (Penrose,  1955)  and  their  varied 
applications  in  applied  mathematics  (cf.,  the  bibliography  in  Boullion  &  Odell, 
1971).  A  significant  part  of  this  literature  has  been  concerned  with  the  prob¬ 
lem  of  computing  generalized  inverses  for  special  matrices  (Decell,  1965). 

In  this  paper  the  Moore-Penrose  generalized  inverse  of  a  skew-centrosym¬ 
metric  matrix  is  characterized.  The  problem  of  its  computation  is  considerably 
reduced  compared  to  general  methods.  Also  some  cases  of  matrices  which  can 
be  partitioned  into  submatrices  which  are  centrosymmetric  or  skew-centro¬ 
symmetric  are  considered. 

The  letters  A,  B,  .  .  .  denote  matrices  defined  over  the  complex  number 
field,  elements  of  which  are  denoted  a,  b,  .  .  .  .  The  transpose  and  conjugate 
transpose  of  A  are  denoted  A^  and  A*,  respectively.  The  unique  solution  X 
of  the  system  of  equations  AXA  =  A,  XAX  =  X,  (XA)*  =  XA,  (AX)*  =  AX,  is 
called  the  Moore-Penrose  generalized  inverse  (Penrose,  1955)  of  A,  denoted 
A+, 


SKEW-CENTROSYMMETRIC  MATRICES 
Let  both  J  and  K  represent  matrices  of  the  form 
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0 

0 

1 


0  •••  0  1 

0  •••  1  0 

0  •  •  •  0  0 


with  order  apparent  from  context. 

Definition  1.  A  matrix  of  even  order  n  =  2m  is  centrosymmetric  if  and  only 
if  it  can  be  written  in  the  form 


A 

BJ 

JB 

JAJ 

where  A,  B  are  of  order  m.  A  matrix  of  odd  order  n  =  2m  +  1  is  centrosymme¬ 
tric  if  and  only  if  it  can  be  written  in  the  form 


A 

JC 

BJ 

RJ 

a 

R 

JB 

C 

JAJ 

where  C  is  an  m  x  1  column  vector  and  R  is  a  1  x  m  row  vector. 

Centrosymmetric  matrices  have  been  considered  by  Pye,  et  al.,  (1973) 
with  results  similar  to  the  following  for  skew-centrosymmetric  matrices. 

Definition  2.  A  matrix  is  skew-centrosymmetric  if  and  only  if  each  element 
is  the  negative  of  its  conjugate  with  respect  to  the  center  of  the  matrix. 

Thus  it  is  clear  that  a  matrix  is  skew-centrosymmetric  if  and  only  if  it  can 
be  written  in  the  form 


SKEW-CENTROSYMMETRIC  MATRICES 


53 


A 

BJ 

(1) 

-JB 

-JAJ 

or 

A 

JC 

BJ 

(2) 

-RJ 

0 

R 

-  JB 

-C 

-JAJ 

_ 

The  elementary  proofs  of  the  following  lemmas  are  omitted.  For  Lemma  3, 
it  should  be  noted  (Pye,  et  al,  1973)  that  M  is  centrosymmetric  if  and  only 
if  MK  =  KM. 

Lemma  1.  Matrix  M  is  skew-centrosymmetric  if  and  only  if  M*  is  skew- 
centrosymmetric. 

Lemma  2.  Matrix  M  is  skew-centrosymmetric  if  and  only  if  MK  =  —KM. 

Lemma  3.  If  a  matrix  M  is  skew-centrosymmetric,  then  M*M  is  centro¬ 
symmetric. 

Lemma  4.  A  product  of  a  skew-centrosymmetric  matrix  and  a  centrosym¬ 
metric  matrix  is  skew-centrosymmetric. 

These  lemmas  permit  the  characterization  of  the  Moore-Penrose  generalized 
inverse  of  a  skew-centrosymmetric  matrix. 

Theorem  1.  A  matrix  M  is  skew-centrosymmetric  if  and  only  if  M+  is 
skew-centrosymmetric. 

Proof.  It  is  known  (Penrose,  1955)  that  for  any  matrix  A,  A+  =  (A*A)+A*, 
and  that  B  is  centrosymmetric  if  and  only  if  B+  is  centrosymmetric  (Pye, 
et  al,  1973).  Thus  M  is  skew-centrosymmetric  implies  M*M  is  centrosym¬ 
metric  which  implies  (M*M)+  is  centrosymmetric  which  implies 
(M*M)+M*  =  M+ 

is  skew-centrosymmetric.  The  converse  is  easily  proven  using  M++  =  M  (Pen¬ 
rose,  1955). 

The  next  theorems  are  concerned  with  the  actual  computation  of  general¬ 
ized  inverses. 

Theorem  2.  If  M  is  defined  by  (1)  and  Q1?  Q2  are  the  unitary  matrices 
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Qi  - 


/2 


“I 


°2  /2 


I  -J 


Theorem  3.  If  M  is  defined  by  (2), 


Q  = 


/2 


-J 


/2 


with  the  appropriate  order,  then 

M+  =  -Q2diag[ (A+B)+,  J(A-B)+J]  Q± 

Proof.  By  multiplication, 

QlMQ2  =  -diag [A+B ,  J(A-B)J] 

Then 

M  =-Q*diag [A+B ,  J(A-B)J]Q* 

and 

M+  =  -Q2diag[ (A+B)+,  J(A-B)+J]Q1  . 


where  I,  J  have  order  m  and  Q  is  unitary,  and  if 
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D  =  A*A  +  JR*RJ  +  B*B, 
E  =  J(A*+B*)JC, 

F  =  A*B  -  JR*RJ  +  B*A, 
W  =  C*J(A+B)J, 
e  -  2C*C, 


then 


M  =  Q  diag 


/2GJ 

Proof.  It  is  easy  to  show  that 


D+F  /2JE 

e 


,  J(D-F)  J 


T 

Q  M* 


A* 

-JR* 

— B  *J 

• 

r“ 

A 

JC 

BJ 

M*M  = 

C*J 

0 

-C* 

-RJ 

0 

R 

JB* 

R* 

— JA*J 

-JB 

-c 

— JAJ 

D  JE 

GJ  e 


FJ 

G 


JF  E  JDJ 
Note  that  M*M  is  centrosymmetric.  Then  (Pye,  et  al.,  1973) 


(M*M)  =  Q  diag 


D+F  i/2  JE 
/2GJ  e 


,  J(D-F)+J 
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and  M+  =  (M*M)+M*. 

Two  particular  cases  of  Theorem  3  are  of  interest.  Proofs  are  similar  to  that 
of  Theorem  2  and  thus  omitted. 


Corollary  1.  Suppose  C  =  0  and  Qi  and  Q2  are  the  unitary  matrices 

-J  0  I 


/2 


0 


0 


J 


°2  /2 


-J 


0  /2 


Then 


M+  = 


-Q2  diag 


(A+B)+J, 


-/2R 
(A-B) J 


Corollary  2.  Suppose  R  =  0  and  Qi ,  Q2  are  as  defined  in  Corollary  1 .  Then 


-Q2  diag 


J  (A+B) 

0 


J  (A-B)  + 
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PARTITIONED  MATRICES 


The  procedures  used  by  Pye,  et  al,  (1973)  for  centrosymmetric  and  in 
this  paper  for  skew-centrosymmetric  matrices  of  even  order  (or  of  odd  order 
if  as  in  Corollaries  1,  2)  can  easily  be  extended  to  matrices  which  can  be  par¬ 
titioned  into  equally  ordered  submatrices,  each  of  which  is  centrosymmetric 
(skew-centrosymmetric).  One  such  case  is  now  shown  briefly  as  an  example. 

Suppose  a  matrix  M  of  order  4m  x  6m  can  be  partitioned  into  the  form 


M  = 


with  each  My  skew-centrosymmetric  of  order  2m.  Let  Qi ,  Q2  be  defined  as  in 
Theorem  2  and  let  Rx  =  diag  [Qi  ,Qi  ] ,  R2  =  diag  [Q2 ,Q2,Q2 ] .  Then  RiMR2 
is  composed  of  alternate  blocks  of  diagonal  and  zero  matrices  of  order  m. 
Therefore  pre-  and  post-multiplication  of  Rx  MR2  by  appropriate  permutation 
matrices  P! ,  P2  yields  a  matrix  of  the  form 


X 


pjlr1mr2p2  = 


y 


/ 


where  X,  Y,  and  the  zero  matrices  each  have  order  2m  x  3m.  Then 


m+  =  r2p2  diagtx+'Y+]  PiRi 
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AN  EPIDOTE— BEARING  GRANITE  NEAR  HILDA, 
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ABSTRACT 


A  Precambrian  granite,  or  more  precisely  a  quartz-monzonite  or  granodiorite,  crops 
out  in  an  area  of  about  800  acres  just  west  of  Hilda,  Mason  County,  as  large  exfoliation 
boulders.  Megascopically  it  is  medium-grained  and  dark  pink  on  fresh  surfaces. 

This  granite  is  unusual  for  the  Llano  region  in  containing  epidote  instead  of  horn¬ 
blende  and  in  its  strongly  cataclastic  structure.  Its  essential  minerals  are  plagioclase,  mi- 
crocline,  orthoclase,  quartz,  and  biotite.  Accessories  and  alteration  products  are  epidote, 
apatite,  zircon,  sphene,  magnetite,  muscovite,  sericite,  and  calcite.  Modes  are  given. 

The  plagioclase  is  oligoclase-andesine,  and  the  ratio  of  alkali  feldspar  to  plagioclase  is 
nearly  1:1.  The  rock  underwent  deuteric  alteration,  albitization,  and  much  crushing  and 
re-healing  before  solidification  was  complete. 

INTRODUCTION 

In  the  summer  of  1959  Neil  E.  Fisher  (1960),  then  a  graduate  student  at 
Texas  A&M  College,  mapped  an  exposure  of  granite  just  west  of  the  small 
community  of  Hilda,  in  southern  Mason  County,  Texas  (Fig.  1).  He  described 
it  in  his  Master’s  thesis,  and  included  a  petrographic  description  by  Alex.  S. 
Poole.  The  outcrop  area  was  further  delineated  by  David  H.  Eggler  and  his 
students  in  1972  as  a  mapping  exercise.  The  granite  attracted  the  present  wri¬ 
ter’s  attention  because  in  appearance  and  composition  (it  was  at  first  thought 
to  contain  augite)  it  did  not  seem  to  fit  into  any  of  the  well-recognized  types 
of  granite,  namely  Town  Mountain,  Oatman,  Sixmile  (Stenzel,  1935)  in  the 
Llano  Uplift. 

OCCURRENCE 

As  mapped  by  Fisher  (Fig.  2),  the  granite  crops  out  over  an  area  of  about 
800  acres  on  the  Martin  Brandenberger,  Sam  Brandenberger,  Roscoe  Eckert, 
and  Otto  Loeffler  ranches.  The  outcrop  is  generally  low-lying  and  takes  the 
form  of  exfoliation  boulders  and  rounded  knobs  up  to  about  15  ft  in  greatest 
dimension  (Fig.  3).  The  exposed  surfaces  are  hard  and  moderately  smooth, 
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but  they  are  all  slightly  weathered,  and  fresh  specimens  can  be  obtained  only 
from  the  interior  of  a  boulder  or  of  one  of  the  occasional  thick,  partly  det- 
tached  exfoliation  shells. 

The  outcrop  area  is  in  pasture,  and  much  of  it  is  covered  by  dense  brush. 
Nevertheless  the  few  exposed  contacts  make  it  clear  that  the  granite  invades 
the  adjacent  Pre Cambrian  schist  and  gneiss,  and  is  itself  unconformably  over- 
lain  by  the  Cambrian  Hickory  Sandstone.  The  thick  zone  of  decayed  granite 
under  the  sandstone  has  been  illustrated  and  described  by  Fisher  (1960). 

MEGASCOPIC  FEATURES 

The  granite  is  medium-grained,  massive,  and  generally  dark  pink  on  fresh 
surfaces.  Weathered  surfaces  may  show  a  thin  lighter-colored  crust  under  a 
coating  of  lichens.  A  few  specimens  are  slightly  porphyritic,  and  give  a  visual 
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Figure  2.  Geologic  map  of  Hilda  Northwest  area,  from  Fisher  (1960). 
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Figure  3.  Outcrop  boulders  of  Hilda  granite. 

impression  of  pink  feldspars  crowded  into  a  groundmass  of  dark  minerals. 
Some  specimens  show  a  slight  flow  alignment  of  rectangular  feldspars,  but 
this  is  not  prominent.  Dark,  amphibolite-looking  xenoliths  occur  sparsely. 

The  granite  weathers  by  exfoliation  and  granular  disintegration.  The  dis¬ 
integration  beneath  the  Hickory  Sandstone  is  so  much  greater  than  that  in 
the  presently  exposed  area  as  to  suggest  that  it  occurred  before  the  deposition 
of  the  sandstone. 

MICROSCOPIC  FEATURES 

Sixteen  thin  sections,  made  from  7  specimens  taken  from  different  loca¬ 
tions  in  the  outcrop  area,  show  that  the  essential  minerals  are  plagioclase,  mi- 
crocline,  orthoclase,  quartz,  and  biotite.  Accessories  and  alteration  products 
are  epidote,  apatite,  zircon,  sphene,  magnetite,  muscovite,  sericite,  and  cal- 
cite.  One  or  two  grains  of  an  unidentified  mineral  of  high  relief  were  also 
seen. 

Most  of  the  plagioclase  occurs  in  subhedral,  rectangular  grains  up  to  3.4 
mm  in  longest  dimension.  All  of  them  are  altered  and  clouded  with  minute 
flakes  of  sericite  or  saussurite.  Many  grains  are  Carlsbad  twins.  Many  show 
corroded  boundaries,  and  some  have  ends  and  borders  of  clear  plagioclase  of 
more  sodic  composition  (Fig.  4).  A  few  small  interstitial  grains  of  clear  plagio¬ 
clase  also  occur  (Fig.  5).  The  maximum  extinction  angles  on  the  albite  twins 
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of  the  cloudy  plagioclase,  together  with  its  refractive  indices  equal  to  and 
above  balsam,  indicate  compositions  ranging  from  An27  to  An37  in  the  dif¬ 
ferent  thin  sections.  Refractive  indices  studied  on  crushed  fragments  in  im¬ 
mersion  liquids  suggest  a  composition  of  An2  5  to  An2  g ,  although  determina¬ 
tion  is  difficult  because  of  the  alteration.  Thus  the  original  plagioclase  is 
oligoclase-andesine ,  and  the  rock  has  undergone  albitization. 

Microcline  occurs  in  relatively  large,  anhedral  grains  up  to  5.4  mm  long. 
Most  of  it  is  perthitic,  containing  irregular  streaks  and  patches  of  plagioclase 
(Fig.  6).  It  is  much  less  altered  than  the  large  plagioclase  grains. 

Much  of  the  orthoclase  also  is  perthitic.  It  lacks  the  polysynthetic  twin- 


L~ — — - J  0.1  mm 


Figure  4.  Altered  plagioclase,  with  rim  of  clear  albite.  Crossed  polars. 

ning  of  the  microcline,  and  like  the  microcline  is  less  altered  than  the  pla¬ 
gioclase. 

A  few  grains  of  a  myrmekitic  intergrowth  of  quartz  and  orthoclase  were 
observed  in  some  of  the  thin  sections. 

Primary  quartz  occurs  in  anhedral  grains  up  to  1 .8  mm  across.  Most  of 
them  show  wavy  extinction  due  to  strain,  and  are  full  of  minute,  dust-like 
inclusions.  Under  crossed  polars  some  quartz  grains  appear  to  be  composites 
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Figure  5.  Interstitial  unaltered  plagioclase.  Crossed  polars. 

of  smaller  grains  of  nearly  identical  orientation,  and  may  have  been  shattered. 
Additional  quartz,  probably  secondary,  occurs  in  small  grains  along  the  zones 
of  fracturing  and  re-healing  which  are  common  in  the  thin  sections. 

The  biotite  is  a  green  variety,  so  green  that  at  first  glance  it  could  easily  be 
mistaken  for  hornblende.  It  occurs  in  clusters  and  segregations  of  flakes,  min¬ 
gled  with  minute  grains  of  quartz  and  feldspar.  Most  flakes  are  small,  but 
some  range  up  to  2.1  mm  in  greatest  dimension.  The  biotite  is  pleochroic 
from  green  to  pale  yellow,  but  is  distinguished  from  chlorite  by  its  high 
birefringence.  Rarely  some  of  it  is  altered  to  chlorite. 

Groups  and  single  grains  of  anhedral  to  euhedral  epidote,  up  to  0.4  mm 
across  (Fig.  7),  occur  within  many  of  the  biotite  clusters,  but  are  much  less 
abundant  than  the  biotite.  The  arrangement  suggests  that  both  epidote  and 
biotite  may  have  been  derived  from  some  previously  existing  ferromagnesian 
mineral,  but  no  remants  of  any  such  were  found.  The  epidote  has  very  little 
color  or  pleochroism  and  may  be  close  to  clinozoisite  in  composition,  but 
where  determinable  its  optic  sign  is  negative. 

Apatite  is  not  abundant,  but  occurs  as  anhedral  grains  up  to  0.2  mm  across 
having  moderate  relief  and  low  birefringence.  Magnetite  is  surprisingly  scarce, 
but  occurs  here  and  there  among  the  biotite  clusters  as  small  opaque  grains,  f 
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Figure  6.  “Flame”  perthite;  albite  in  microcline.  Crossed  polars. 

some  of  which  have  perfect  square  outlines,  with  reddish  edges  of  hematite. 
The  sparse  grains  of  sphene  are  euhedral  and  diamond-shaped.  All  of  them  are 
greatly  altered,  having  some  calcite  in  their  centers  and  leucoxene  in  their 
rims  (Fig.  8). 

Zircon  occurs  only  as  tiny  prisms  included  in  the  biotite.  Many  of  them 
are  surrounded  by  brown  halos. 

Muscovite,  excluding  sericite,  occurs  only  as  curved  and  twisted  flakes  in 
the  crushed  and  healed  zones.  It  is  probably  secondary. 

Calcite  occurs  not  only  in  the  crushed  and  healed  zones,  but  also  as  larger 
(up  to  0.6  mm)  anhedral  grains  in  the  sensibly  unfractured  portions  of  the 
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Figure  7.  Epidote,  with  biotite  and  oxidation  products.  Plane  light. 

rock,  suggesting  that  part  of  it  may  be  primary  (Fig.  9). 

In  general  the  texture  of  the  rock  is  inequigranular,  medium-to  fine¬ 
grained.  The  fabric  is  hypideomorphic,  the  plagioclase  being  subhedral  and 
the  other  essential  minerals  anhedral.  The  structure  is  cataclastic.  Many  of  the 
plagioclase  grains  are  bent  or  fractured,  and  nearly  all  show  some  corrosion. 
Even  much  of  the  biotite  is  shredded.  Zones  of  finer  texture,  composed  of  the 
same  essential  minerals  with  the  addition  of  a  little  muscovite  and  calcite,  are 
numerous  in  the  thin  sections,  and  represent  zones  of  crushing  and  re-healing 
(Fig.  10). 

Thus,  the  rock  appears  to  have  had  a  complex  history.  Crystallization  of 
the  original  feldspars  and  quartz  was  followed  by  extensive  deuteric  alteration 


THE  TEXAS  JOURNAL  OF  SCIENCE 


EPIDOTE-BEARING  GRANITE 


67 


1-™  — -4  0.1  mm 

Figure  8.  “Ghost”  of  sphene  crystal.  The  black  border  is  leucoxene,  opaque  in  trans¬ 
mitted  light.  Crossed  polars. 

which  clouded  the  feldspars,  especially  the  plagioclase.  Introduction  of  addi¬ 
tional  sodium  (albitization)  is  suggested  by  the  growth  of  clear  albite  intersti- 
tially  and  as  rims  on  the  cloudy  plagioclase  grains.  Some  of  the  albite  in  the 
perthite  has  the  form  of  stepwise  stringers  parallel  to  the  cleavages  of  the 
microcline,  suggesting  that  it  formed  by  introduction  rather  than  by  exso¬ 
lution.  Finally,  extensive  fracturing,  crushing,  and  healing  occurred  before 
the  magma  came  to  rest. 

MODES 

Modes  were  determined  by  the  point-count  method  on  6  thin  sections  cut 
from  specimens  from  6  different  locations  in  the  outcrop  area. 

In  Table  1,  the  percentages  of  each  mineral  are  shown  for  each  thin  sec¬ 
tion  independently;  the  averages  of  these  are  given  in  Column  I.  The  modal 
percentages  calculated  from  the  total  number  of  points  for  each  mineral  and 
the  total  number  of  points  counted  (942)  in  all  the  sections  are  shown  in 
Column  II. 
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Table  1  -  Modes  in  volume  percent. 


Thin  Section 

A 

B 

C 

D 

E 

!  Fsh 

1 

II 

Orthoclase 

4.4 

4.7 

7.2 

— 

1.4 

15.8 

6.7 

6.3 

Orthoclase- 

perthite 

8,8 

14.7 

9.9 

--- 

2.8 

1.0 

7.4 

5.9 

Microcline 

11.4 

0.7 

6.1 

19.2 

--- 

16.3 

10.7 

9.3 

Microcline- 

perthite 

19.3 

3.3 

3.9 

15.2 

33.3 

4.0 

13.2 

12.0 

Plagioclase 

36.8 

32.0 

48.1 

27.8 

31.9 

34.6 

35.2 

35.6 

Quartz 

3.5 

16.7 

i.i 

21.8 

20.1 

16.5 

13.3 

13.4 

Biotite 

11.4 

22.0 

16.0 

10.6 

8.3 

8.4 

12.8 

12.8 

Epidote 

1.8 

6.0 

0.6 

4.0 

2.1 

2.5 

3.3 

2.6 

Calcite 

2.6 

1  4.4 

0.7 

— 

— - 

2.2 

1.3 

All  others 

— 

2.8 

0.7 

— 

1.0 

1.5 

0.8 

Total 

100.0 

100.1 

.100.1 

100.0 

99.9 

100.1 

106.3 

100.0 

Sum  of  alkali 
feldspars 

43.9 

23.4 

27.1 

34.4 

37.5 

37.1 

38.0 

33.5 

Ratio, alkali 
feldspars  to 
plagioclase 

1.19:1 

1:1.37 

1:1.8 

1.24:1 

1.17:1 

1.07:1 

1.08:1 

1:1.06 

CLASSIFICATION 

Table  1  shows  a  considerable  variation  in  the  proportions  of  quartz,  ortho- 
clase,  and  microcline  in  different  specimens.  The  plagioclase  shows  less  varia¬ 
tion.  In  part,  these  differences  may  be  due  to  difficulty  of  identification,  but 
a  tendency  of  the  quartz  to  segregate  was  noticed  in  the  thin  sections.  With 
the  exception  of  Specimen  C,  the  ratio  of  alkali  feldspars  (including  perthitic 
albite)  to  plagioclase  fluctuates  but  little  on  either  side  of  1 : 1 . 

Accordingly,  like  many  other  granites  exposed  in  the  Llano  Uplift,  (Gold- 
ich,  1941;  Barnes,  Dawson,  and  Parkinson,  1947;  Hutchinson,  1956),  the 
Hilda  rock  belongs  to  the  adamellite  clan,  as  that  name  is  used  by  many  au¬ 
thors.  If  the  alkali  feldspar:  plagioclase  ratio  of  1:1  is  taken  as  the  boundary 
between  quartz-monzonite  and  granodiorite  (Wahlstrom,  1947),  then  either 
of  these  last  2  names  would  be  appropriate.  According  to  Johannsen’s  classifi¬ 
cation  (1931,  Vol.  I),  the  rock  would  belong  either  in  Family  226”P  or  227”P 
and  would  be  called  adamellite,  or  in  his  preferred  sense,  granodiorite.  (Vol. 
II).  The  IUGS  subcommission  on  the  systematics  of  igneous  rocks  (1973) 
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Figure  9.  Large  calcite  grains,  possibly  primary.  Crossed  polars. 

recommends  the  name  quartz-monzonite  (field  8*)  for  rocks  having  5-20% 
quartz  and  whose  feldspars  are  35-65%  plagioclase.  Under  this  system  the 
Hilda  rock  is  a  quartz-monzonite. 

RELATION  TO  OTHER  GRANITES  OF  THE  LLANO  UPLIFT 

The  unusual  feature  of  the  Hilda  “granite”  is  its  content  of  epidote  instead 
of  the  hornblende  commonly  found  in  granites  of  the  Town  Mountain  type. 
Epidote  is  reported  as  present  in  the  2  Sixmile  granites  examined  by  Goldich 
(1941),  but  in  only  2  of  the  68  Central  Texas  granites  described  in  Barnes, 
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Figure  10.  Crushed  and  healed  zone,  with  fine-grained  calcite  and  muscovite  flakes. 

Crossed  polars. 

Dawson,  and  Parkinson  (1947).  The  texture  of  the  Hilda  rock  is  intermediate 
between  that  of  the  Town  Mountain  and  that  of  the  uniformly  fine-grained 
Sixmile  granites.  In  this  respect  it  somewhat  resembles  the  Oatman  type 
granites,  but  it  is  much  darker  in  color  and  richer  in  biotite.  Thus,  as  originally 
surmised,  it  does  not  fit  well  into  any  of  the  typical  Llano  Uplift  groups. 

The  description  by  Barnes  (Barnes,  Dawson,  and  Parkinson,  1947)  of  a 
granite  (Bl-20)  from  the  northwest  corner  of  Blanco  County  is  somewhat 
similar  to  that  of  the  Hilda  granite.  In  particular,  he  mentions  albitized  plagio- 
clase,  biotite  segregated  in  clusters,  healed  shear  zones,  and  the  presence  of 
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epidote.  However,  hornblende  is  also  present  (4%).  Barnes  classifies  the  Bl-20 
rock  as  a  granodiorite.  This  author  has  not  seen  it. 

Microscopic  examination  of  stained  slabs  of  the  Hilda  granite  by  reflected 
light  reveals  a  slight  bluish  opalescence  in  the  quartz.  This  reflection  together 
with  the  pink  feldspars  and  the  dark  biotite  background  is  strongly  suggestive 
of  the  llanite  of  northern  Llano  County.  However,  the  published  mineralogical 
and  chemical  analyses  of  llanite  (Iddings,  1904;  Goldich,  1941)  indicate  a 
rock  much  less  calcic  in  composition,  one  that  could  not  have  been  derived 
from  the  same  magma  as  the  Hilda  rock  without  further  differentiation. 
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ABSTRACT 

Two  generations  of  Precambrian  granitic  rocks  are  exposed  in  the  Baldwin  Quarry 
southwest  of  Llano,  Texas.  The  older  major  rock  type,  usually  correlated  with  the  Town 
Mountain  Granite,  is  a  pink  porphyritic  granite.  The  younger  major  intrusion,  defined  by 
Stenzel  as  Six  mile  Granite,  is  a  gray  medium-grained  granite.  Both  major  rock  types  con¬ 
tain  xenoliths  of  schistose  country  rock,  and  there  are  inclusions  of  the  pink  granite 
in  the  gray  one.  Field  relations  indicate  the  following  sequence  of  emplacement:  (1)  pink 
porphyritic  granite,  (2)  simple  pegmatites,  (3)  composite  pegmatite-aplite  dikes,  and  (4) 
gray  granite. 

The  modes  and  chemical  compositions  of  the  2  granites  are  very  similar.  In  addition, 
the  compositions  of  the  constituent  microcline,  plagioclase,  and  biotite  are  essentially 
indistinguishable  between  the  2  rocks.  They  thus  differ  principally  in  texture  and  may  be 
comagmatic.  The  correlation  of  the  pink  porphyritic  granite  with  Town  Mountain  Granite 
(as  defined  elsewhere  in  the  Uplift)  is  therfore  questionable,  as  is  the  supposed  younger 
age  of  Six  mile  Granite  relative  to  Town  Mountain  Granite. 

The  simple  pegmatites  consist  of  coarse  interlocking  megacrysts  of  plagioclase  and  mi¬ 
crocline  graphic  granite  in  approximately  equal  amounts.  The  volumetrically  subordinate 
composite  dikes  are  bands  of  aplite  bordered  by  fine-grained  pegmatite.  Chemical  and 
mineralogical  data  are  compatible  with  derivation  of  these  pegmatitic  veins  from  residual 
magma  of  the  pink  porphyritic  granite.  The  textural  differences  may  be  due  to  variations 
in  water  pressure. 

INTRODUCTION 

Erosion  of  the  Llano  Uplift  in  central  Texas  has  exposed  Precambrian 
metamorphic  and  igneous  rocks  bordered  by  Paleozoic  and  Cretaceous  sedi- 
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mentary  rocks  (Clabaugh  and  McGehee,  1963).  The  Valley  Spring  Gneiss  and 
overlying  Packsaddle  Schist  were  intruded  by  igneous  rocks  of  batholithic  di¬ 
mensions  about  1000  m.y.  ago  (Zartman,  1964,  1965).  The  field  relations 
and  detailed  intrusive  histories  of  these  granitic  igneous  rocks  are  not  general¬ 
ly  known,  although  some  bodies  have  been  studied  extensively,  for  example, 
the  Enchanted  Rock  Batholith  (Hutchinson,  1956). 

Stenzel  (1934,  1935)  subdivided  the  major  granitic  rocks  of  the  Llano  Up¬ 
lift  into  3  varieties:  Town  Mountain  Granite  (oldest),  Oatman  Creek  Granite, 
and  Sixmile  Granite  (youngest).  We  have  studied  in  detail  the  rock  types  ex¬ 
posed  in  one  pit  of  a  Sixmile  Granite  quarry  about  6  mi  southwest  of  Llano 
on  Texas  state  highway  FM  2323  (Fig.  1).  This  pit,  located  on  the  Cassaday 
property,  is  locally  referred  to  as  the  Baldwin  quarry  (V.  E.  Barnes,  oral 
commun.,  1968).  We  previously  referred  to  this  particular  pit  as  the  Cassaday 
quarry  (Cook  et  al,  1968),  although  that  name  actually  applies  to  another  pit 
on  the  Cassaday  property  (Fig.  1). 

FIELD  RELATIONS 

Four  rock  types  predominate  in  the  Baldwin  quarry  and  nearby  pits.  A 
pink  porphyritic  granite  occupies  the  central  and  southwestern  pits.  It  is  gen¬ 
erally  homogeneous  and  contains  scattered  schistose  inclusions,  presumably 
derived  from  the  country  rock.  This  granite  is  cut  by  numerous  pegmatites  of 
varying  size,  but  largely  of  2  textural  varieties:  (1)  unzoned  simple  pegma¬ 
tites,  and  (2)  texturally-zoned,  composite  pegmatite-aplite  dikes.  Because  of 
their  gross  lithologic  similarities,  Stenzel  (1934,  1935)  correlated  the  pink 
porphyritic  granite  with  the  Town  Mountain  Granite,  which  he  defined  else¬ 
where  in  the  Uplift  where  it  crops  out  much  more  extensively. 

A  gray  non-porphyritic  granite,  defined  by  Stenzel  at  this  locality  as  Six- 
mile  Granite,  occupies  the  northeasternmost  pits.  It  encloses  fragments  of  the 


Figure  1.  Location  map. 
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pink  porphyritic  granite,  pegmatites  and  aplites,  and  metamorphic  country 
rock.  The  gray  granite  also  truncates  pegmatites  (cutting  the  pink  porphyritic 
granite)  and  forms  a  core  in  some  of  the  pegmatites.  These  relationships  esta¬ 
blish  the  gray  granite  as  younger  than  the  pink  porphyritic  granite.  Stenzel 
(1934,  1935)  used  the  field  relations  in  these  quarries  and  his  correlation  of 
the  pink  porphyritic  granite  with  Town  Mountain  Granite  as  the  basis  for 
defining  age  relations  of  these  2  major  granite  types  for  the  Llano  Uplift. 

The  contact  between  the  2  granites  is  exposed  in  several  places,  including 
one  face  of  the  Baldwin  Quarry  (Fig.  2).  This  particular  contact  is  irregular, 


Figure  1.  Location  map  of  Sixmile  Granite  quarry  pits,  Cassaday  property,  Llano 
County,  Texas. 
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in  contrast  to  the  “angular”  and  “clean-cut”  boundaries  emphasized  by  Sten- 
zel  (1935:  115).  On  the  smaller  scale  of  individual  mineral  grains,  the  contact 
is  generally  sharp  although  locally  it  may  be  gradational  or  marked  by  a  con¬ 
centration  of  mafic  minerals.  There  also  exist  relatively  rare  quarried  blocks 
that  are  gradational  between  the  2  granites.  These  rocks,  which  we  term  “in¬ 
termediate,”  are  graded  solely  by  the  fraction  of  total  K-feldspar  that  occurs 
as  phenocrysts  and  the  size  of  the  phenocrysts  themselves. 

PINK  PORPHYRITIC  GRANITE 

This  older  major  intrusive  is  a  holocrystalline,  medium  to  coarse-grained 
granitic  rock  (supposed  Town  Mountain  Granite)  with  abundant  pink  micro¬ 
crocline  phenocrysts  1-2  cm  across  set  in  a  gray  matrix.  There  is  no  layering 
or  banding  visible  in  outcrop  or  thin  section. 

Because  of  relatively  coarse  size  of  the  microcline  phenocrysts,  modal 
analyses  of  the  pink  porphyritic  granite  were  made  on  stained  sawed  slabs 
with  a  1/16— inch  grid  overlay.  Results  for  the  major  phases,  summarized  in 
Table  1,  indicate  that  this  rock  falls  in  the  field  of  “normal  granites”  in 
Streckeisen’s  (1967,  Fig.  5a:  160)  classification.  Thin  sections  of  the  pink 
porphyritic  granite  indicate  <1%  of  all  accessory  minerals. 

Mineralogy 

Quartz.  In  hand  specimen  and  thin  section,  quartz  is  anhedral,  equigranu- 
lar,  clear  to  slightly  cloudy,  and  entirely  colorless.  Individual  grains  are  gen¬ 
erally  unstrained  and  optically  continuous,  although  a  few  show  undulatory 
extinction.  Quartz  occurs  primarily  free  in  the  groundmass,  but  also  as  blebs 
in  plagioclase  and  as  inclusions  in  microcline.  In  microcline,  phenocrysts,  the 
quartz  inclusions  parallel  the  boundaries,  but  are  inset  1-2  mm  from  the  edge; 
or  the  inclusions  are  aligned  across  the  phenocrysts  at  an  apparently  random 
angle  to  the  grain  boundaries.  The  patterns  do  not  appear  to  be  graphic, 
myrmekitic,  or  poikilitic  intergrowths  (Barker,  1970). 

Microcline.  The  pink  microcline  phenocrysts  are  euhedral  to  subhedral 
and  broadly  equant.  Their  prominence  tends  to  obscure  the  complete  size  gra¬ 
dation  down  to  microcline  grains  (mostly  anhedral)  only  a  few  mm  across. 
Most  of  the  grains  show  distinct  grid  twinning,  while  some  phenocrysts  are 
perthitic  intergrowths  containing  about  5%  exsolved  plagioclase.  Considerable 
sericitization  has  taken  place. 

Plagioclase.  In  hand  specimen  and  thin  section,  plagioclase  is  subhedral  to 
anhedral  and  equigranular.  It  is  cloudy  with  a  white  cast  in  hand  specimen, 
but  is  colorless  in  thin  section.  Albite  and  carlsbad  twins  are  common,  and 
normal  zoning  is  indicated  in  this  section  and  on  stained  slabs. 

Biotite.  Biotite  is  the  only  mica  discernible  in  hand  specimen,  although 
some  chlorite  is  evident  in  thin  section.  The  biotite  is  yellow-brown  and 
pleochroic  to  dark  brown.  Only  a  very  few  grains  show  any  strain  effects. 
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Figure  2.  Cut  face  in  Baldwin  Quarry,  showing  pink  porphyritic  granite  cut  by  peg¬ 
matites,  which  in  turn  are  truncated  (top)  by  gray  granite. 
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Table  1 


Compositional  Data  for  Granites 


Pink  porphyritic  granite 

Gray  granite 

Oxide  weight  percent: 

3  analyses 

2  analyses 

Total  Fe  as  FeO 

3.50 

2.77 

MnO 

0.08 

0.06 

MgO 

0.68 

0.55 

CaO 

1.73 

1.12 

Na20 

3.38 

3.25 

K20 

5.04 

4.92 

Mode,  volume  percent: 

8800  points 

1390  points 

Quartz 

26.5 

31.3 

K-feldspar 

30.5 

30.3 

Plagioclase 

37.8 

31.4 

Biotite 

5.2 

7.0 

Phase  composition: 

Or  in  K-feldspar, 

84.8 

84.5 

mole  percent  (1) 

An  in  plagioclase, 

19.5 

20.0 

weight  percent  (2) 

Fe/Fe  +  Mg 

0.885 

0.880 

0)  Determined  by  (20l)  method  (Orville,  1967),  and  by  calculation  from  Ca,  Na,  and  K 
analyses  by  atomic  absorption  spectrophotometry.  Two  analyses  from  pink  porphyri- 
tic  granite;  4  analyses  from  gray  granite. 

(2)  Determined  by  refractive  index  of  fused  cleavage  fragments  (Schairer,  et  al.  ,1956). 
Three  analyses  each  from  pink  porphyritic  and  gray  granite. 

(3)  Fe  and  Mg  determined  by  atomic  absorption  spectrophotometry.  One  analysis  from 
pink  porphyritic  granite;  4  analyses  from  gray  granite. 


Accessory  minerals.  Light  green  hornblende,  pleochroic  to  dark  green  and 
dark  brown,  is  scattered  through  the  pink  porphyritic  granite.  Pale  brown 
sphene  grains,  pleochroic  to  rose-brown,  are  usually  associated  with  biotite 
grains,  and  a  few  well-developed  rhombs  penetrate  the  biotite  grains.  In  turn 
apatite  is  associated  with  sphene  and  may  occcur  within  sphene  grains  to  give 
a  poikilitic  texture.  Traces  of  magnetite,  hematite,  and  pyrite  were  identified 
in  polished  sections. 


GRAY  GRANITE 


The  younger  major  intrusive,  Sixmile  Granite,  is  holocrystalline,  medium¬ 
grained,  and  generally  devoid  of  phenocrysts.  No  preferred  orientation  of 
constituent  minerals  is  present.  Modal  analyses  of  thin  sections  of  the  gray 
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granite  are  summarized  in  Table  1.  Recast  in  terms  of  Streckeisen’s  (1967) 
classification,  these  rocks  also  have  abundances  of  major  minerals  in  the  field 
of  “normal  granites.”  Accessories  are  present  in  amounts  <1%,  except  for  one 
section  containing  1-2%  chlorite  and  another  containing  1-2%  sphene. 

Mineralogy 

Quartz.  Quartz  grains  are  anhedral  and  have  an  average  grain  size  of  1-5 
mm.  The  larger  grains  usually  exhibit  moderate  to  strong  undulatory  extinc¬ 
tion.  Crystalline  and  liquid  inclusions  are  common  in  the  quartz  of  this  rock, 
and  some  of  the  small  opaque  inclusions  are  arranged  in  planar  fashion,  sug¬ 
gesting  the  existence  of  submicroscopic  fractures. 

Microcline.  This  mineral  also  has  an  average  grain  size  of  1-5  mm  and 
usually  exhibits  grid  twinning.  Unlike  the  pink  porphyritic  granite,  no  per- 
thite  exsolution  was  observed  in  the  microcline  of  the  gray  granite.  This  mi¬ 
crocline  is  relatively  fresh,  although  sericite  may  be  concentrated  locally 
where  2  or  3  microcline  grains  share  a  common  boundary. 

Plagioclase.  The  description  of  plagioclase  in  the  pink  porphyritic  granite 
applies  also  to  that  in  the  gray  granite.  This  plagioclase  is  further  character¬ 
ized,  however,  by  abundant  myrmekitic  grains,  which  are  relatively  rare  in 
the  pink  porphyritic  granite. 

Biotite.  Subhedral  to  anhedral  biotite  has  an  average  grain  size  <1  mm.  It 
is  light  yellow-brown  and  pleochroic  to  dark  brown.  Chlorite  is  commonly 
interlayered  in  the  biotite. 

Accessory  minerals.  Subhedral  to  anhedral  sphene  is  the  most  common  ac¬ 
cessory  and  shows  complex  textural  relations  with  biotite  and  chlorite  (as  in 
the  pink  porphyritic  granite).  Chlorite,  in  addition  to  being  interlayered  with 
biotite,  occurs  as  isolated  sprays  and  plates  throughout  the  thin  sections. 
Traces  of  magnetite,  calcite,  and  epidote  are  also  present.  In  contrast  to  the 
pink  porphyritic  granite,  no  amphibole  was  positively  identified  in  thin  sec¬ 
tions  of  the  gray  granite. 

PEGMATITES 
Simple  Pegmatites 

The  most  abundant  pegmatitic  dikes  in  the  Baldwin  Quarry  are  quartzo- 
feldspathic  veins  from  a  few  cm  to  about  one  m  wide,  with  individual  dikes 
extending  as  much  as  6.5  m.  The  simple  mineral  assemblage  is  dominated  by 
pink  microcline  and  white  plagioclase  megacrysts  (up  to  about  30  cm  long) 
that  project  from  the  pegmatite  walls  and  interlock  toward  the  center  of  the 
dikes  (Table  2).  Nearly  all  of  the  quartz  is  contained  in  intergrowths  in  the 
microcline  and  plagioclase  megacrysts.  Accessory  or  trace  amounts  of  biotite, 
magnetite, garnet,  and  pyrrhotite  are  also  present. 

For  lack  of  a  suitable  term,  we  have  adopted  the  informal  term  “dog¬ 
tooth”  to  describe  the  texture  of  these  pegmatites  (Fig.  3).  In  sections 
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Table  2.  Compositional  data  for  simple  pegmatites. 


Microcline  megacrysts  Plagioclase  megacrysts  “Whole-pegmatite”(3) 


Oxide,  weight  percent: 

2  analyses 

2  analyses 

2  analyses 

Total  Fe  as  FeO 

0.09 

0.09 

0.09 

CaO 

0.1 

1.05 

0.55 

Na20 

2.1 

4.35 

3.2 

K20 

8.3 

2.5 

5.5 

Mode,  volume  percent: 

22,900  points 

16,100  points 

— 

Quartz 

26.8 

34.4 

— 

K-feldspar 

57.1 

20.6 

51.7 

Plagioclase 

16.1 

45.0 

48.3 

Phase  composition: 

Or  in  K-feldspar, 

81.0 

— 

— 

mole  percent  (1) 

An  in  plagioclase, 

— 

8.8 

— 

weight  percent  (2) 

(1)  See  note  (1),  Table  1.  3  analyses  from  microcline  megacrysts. 

(2)  See  note  (2),  Table  1.  4  analyses  from  plagioclase  megacrysts. 

(3)  Chemical  composition  calculated  from  modal  abundances  of  megacrysts,  which  were 
determined  by  line  integration  along  a  total  length  of  31.7  m. 

perpendicular  to  the  contact  with  the  pink  porphyritic  granite,  alternating 
pink  microcline  and  white  plagioclase  megacrysts  resemble  the  appearance  of 
a  dog’s  open  mouth  with  the  white  plagioclase  being  the  “teeth.”  This  texture 
is  less  apparent  in  interior  sections  approximately  parallel  to  such  contacts. 
In  these  sections,  the  megacrysts  are  more  nearly  equidimensional  and  exhibit 
less  interlocking  and  tapering  than  in  the  tooth-like  pattern. 

Contacts  of  the  simple  pegmatites  with  the  pink  porphyritic  granite  are 
sharp  and  may  be  marked  by  a  slight  concentration  of  biotite.  Quartz  rods  in 
the  graphic  intergrowths  also  tend  to  be  oriented  with  their  long  axes  perpen¬ 
dicular  to  the  walls  of  the  pegmatite.  Small  (2-4  cm)  microcline  grains  near 
the  contacts  frequently  lack  graphic  texture. 

On  a  smaller  scale,  the  microcline  has  conspicuous  exsolution  lamellae  of 
plagioclase,  with  rare  masses  of  plagioclase  several  mm  across.  More  common¬ 
ly,  exsolved  plagioclase  fills  in  around  the  quartz  of  graphic  intergrowths.  In 
some  microcline  megacrysts  textural  zoning  is  marked  by  abrupt  variations  in 
the  size  and  orientation  of  quartz  intergrowths  as  well  as  the  orientation  of 
perthitic  plagioclase  lamellae.  Such  zones  may  be  a  few  cm  wide  and  usually 
parallel  the  edges  of  the  megacrysts.  Similar  zoning  is  present  in  some  plagio¬ 
clase  megacrysts,  which  contain  exsolved  antiperthitic  potassium  feldspar 
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lamellae. 

Composite  Pegmatite-Aplite  Dikes 

Zoned  pegmatite  occurs  as  isolated  dikes  in  the  pink  porphyritic  granite 
and  as  cores  in  many  simple  pegmatites  (Table  3).  In  these  composite  dikes, 
pink  saccharoidal  aplite  forms  bands  2-10  cm  thick  bordered  on  the  outside 
by  quartzofeldspathic  pegmatite  3-8  cm  thick.  Other  dikes  contain  alterna¬ 
ting  layers  of  aplite  and  coarser-grained  pegmatite,  with  no  discernible  sym¬ 
metry  to  the  layering. 

The  gray  granite  forms  a  core  in  other  composite  dikes.  In  some  of  these 
dikes,  there  is  a  symmetrical  inward  zoning  of  exterior  pegmatite,  interme¬ 
diate  aplite,  and  interior  gray  granite  all  surrounded  by  pink  porphyritic 
granite.  This  pattern  may  indicate  successive  intrusion  or  crystallization  of 
the  gray  granite  in  the  unfilled  cores  of  these  dikes.  In  other  examples  the 


PINK  PORPHYRITIC  GRANITE 
MICROCLINE  MEGACRYSTS 


PLAGIOCLASE  MEGACRYSTS 


Figure  3.  Field  sketch  of  a  portion  of  simple  pegmative  vein  showing  “dogtooth” 
texture. 
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Table  3. 

Compositional  data  for  aplite  and  quartzofeldspathic  pegmatite  of  composite  dikes. 


Aplite 

Quartzofeldspathic  pegmatite 

Oxide,  weight  percent: 

3  analyses 

2  analyses 

Total  Fe  as  FeO 

0.83 

0.80 

MnO 

0.03 

0.03 

MgO 

0.07 

0.09 

CaO 

0.57 

0.95 

Na20 

3.3 

3.7 

k2o 

5.5 

5.05 

Mode,  volume  percent: 

3750  points 

2420  points 

Quartz 

30.8 

34.4 

K-feldspar 

39.2 

32.3 

Plagioclase 

30.0 

33.3 

Phase  composition: 

Or  in  K-feldspar 

93.0 

87.0 

mole  percent  (1) 

An  in  plagioclase, 
weight  percent  (2) 

15.4 

8.9 

(1)  See  note  (1),  Table  1.  One  analysis  each  frcm  aplite  and  pegmatite. 

(2)  See  note  (2),  Table  1.  One  analysis  each  from  aplite  and  pegmatite. 


dikes  are  truncated  against  gray  granite,  which  clearly  continues  into  the 
cores  of  these  dikes.  This  suggests  that  these  dikes  were  fractured  and  then 
intruded  by  the  gray  granite.  If  the  cores  of  these  dikes  were  unfilled  when 
intruded  by  the  gray  granite,  then  they  could  be  essentially  contemporane¬ 
ous.  If  the  composite  dikes  acted  as  planes  of  weakness  during  intrusion  of 
the  gray  granite,  then  the  relative  interval  between  the  intrusion  of  the  peg¬ 
matites  and  1  ray  granite  is  more  difficult  to  estimate.  Alternatively,  these  po¬ 
tentially  conflicting  relationships  may  be  due  to  viewing  the  same  phenom¬ 
enon  in  different  cross-sectional  orientations. 

The  texture  f  the  pegmatite  in  these  composite  dikes  resembles  the  dog¬ 
tooth  pattern  oi  the  simple  pegmatites.  The  principal  difference  is  the  much 
smaller  size  in  the  composite  dikes  of  the  microcline  and  plagioclase  grains 
which  are  in  the  range  0.2—6  cm  and  0.5—5  cm,  respectively.  Almost  all 
quartz  occurs  in  graphic  intergrowths  and  myrmekite,  but  unlike  the  simple 
pegmatites  there  is  no  perthite  or  antiperthite  in  the  composite  dikes. 

DISCUSSION 


The  modal  data  in  Table  1  show  that  the  pink  porphyritic  and  gray  gran¬ 
ites  are  very  similar.  Comparison  of  our  data  with  those  of  Goldich  (1941) 
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suggests  that  the  pink  porphyritic  granite  is  more  like  Sixmile  Granite  than 
Town  Mountain  Granite.  This  result  is  not  conclusive,  however,  because  of 
the  overlapping  ranges  of  modal  abundances  for  the  2  rock  types  (Goldich, 
1941,  Table  1). 

The  pink  porphyritic  and  gray  granites  are  also  alike  chemically  for  the 
oxides  included  in  the  partial  analyses  in  Table  1 .  The  overall  chemical  simi¬ 
larity  of  the  2  granites  as  well  is  suggested  by  the  clustering  of  points  on  the 
Or-Ab-Qz  diagram  (Fig.  4).  The  coordinates  of  these  points  were  calculated 
by  assuming  that  all  of  the  measured  K20,  Na20,  and  CaO  were  distributed 
in  normative  Or,  Ab,  and  An,  respectively.  Normative  Qz  was  then  set  equal 
to  100— (Or  +  Ab  +  An)  and  the  resultant  Or,  Ab,  and  Qz  values  were  recalcu¬ 
lated  to  100%.  This  approximation  should  not  be  seriously  in  error.  Compari¬ 
son  of  these  data  with  Goldich’s  (1941,  Tables  2  and  3)  analyses  and  norms 
of  one  Sixmile  Granite  sample  and  3  samples  of  Town  Mountain  Granite  (or 
assumed  correlative  body)  again  yields  equivocal  results.  For  some  oxides 
(e.g.,  MgO  and  CaO),  there  is  a  large  overlap  between  the  2  rock  types  in 
Goldich’s  analyses  so  that  no  diagnostic  help  is  available.  Other  oxides  (FeO, 
Na20,  and  K20)  in  both  the  pink  porphyritic  and  gray  granites  are  much 
nearer  the  composition  of  Goldich’s  Town  Mountain  samples,  despite  the  fact 
that  the  gray  granite  is  the  type  Sixmile  Granite. 

Several  of  the  granites,  as  well  as  2  of  the  pegmatite  compositions,  plot 
(Fig.  4)  near  the  thermal  minimum  on  the  PH,0  =  500  bar  cotectic  line  (Tut¬ 
tle  and  Bowen,  1958).  This  grouping  is  probably  coincidental,  because  there 


O  PINK  PORPHYRITIC  GRANITE 
•  GRAY  GRANITE 
A  APLITES  AND  PEGMATITES 

Figure  4.  Normative  Or-Ab-Qz  diagram  with  cotectic  lines  for  P^O  =  500  and  3000 
bars:  “X”  is  temperature  minimum  on  3000-bar  cotectic  (Tuttle  and  Bo¬ 
wen,  1958). 
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is  no  correlation  between  granite  and  pegmatite  textures  and  their  positions 
relative  to  this  minimum.  It  is  nonetheless  reasonable  that  the  textural  varia¬ 
tions  are  due  to  local  differences  in  water  pressure  that  cannot  be  readily  in¬ 
ferred  from  this  diagram.  The  compositions  of  the  pegmatites  and  aplites  are 
such  that  they  could  have  been  derived  from  a  residual  magma  in  a  central 
chamber  or  from  fluids  in  the  interstices  of  partically  solidified  pink  porphy- 
ritic  granite.  The  absence  of  miarolitic  cavities  in  the  pegmatites  may  indicate 
subsolvus  crystallization  from  a  liquid,  rather  than  from  a  vapor. 

Our  inability  to  classify  the  rocks  of  the  Baldwin  Quarry  as  Town 
Mountain  or  Sixmile  Granite  is  perhaps  not  surprising  because  we  are  using 
modal  and  chemical  properties  that  are  generally  alike  in  granites.  Regardless 
of  such  difficulties,  it  remains  true  that  the  pink  prophyritic  and  gray  gran¬ 
ites  are  very  similar,  a  result  which  is  reinforced  by  2  observations  that  sug¬ 
gest  that  the  2  granites  are,  in  fact,  comagmatic: 

1.  The  data  on  mineral  chemistry  in  Table  1  show  that  the  individual 
phases  in  the  2  granites  have  virtually  identical  compositions. 

2.  We  have  noted  above  that  there  are  “intermediate”  rocks  in  the  Bald¬ 
win  Quarry  gradational  between  the  2  dominant  granites.  As  the  volume  of  K- 
feldspar  phenocrysts  changes  from  0  to  about  15%  (i.e.,  the  fraction  of  total 
K-feldspar  occurring  as  phenocrysts  goes  from  0  to  0.5),  the  rock  changes 
from  gray  and  non-porphyritic.  In  other  words,  this  observable  transition  in¬ 
dicates  that  the  only  significant  differences  between  the  2  granites— color  and 
texture— are  due  solely  to  the  variable  distribution  of  K-feldspar  as  a  ground- 
mass  phase  and  phenocrysts. 

We  believe  that  these  findings  raise  serious  doubts  about  Stenzel’s  (1934, 
1935)  chronology  for  intrusion  of  the  Sixmile  and  Town  Mountain  Granites. 
Given  the  similarities  in  modes  and  chemistry  of  the  gray  and  pink  porphyri- 
tic  granites,  their  identical  phase  compositions,  and  the  texture  and  color  gra¬ 
dations  between  them,  it  is  difficult  to  see  how  the  pink  porphyritic  granite 
in  the  Baldwin  Quarry  can  be  reliably  correlated  with  Town  Mountain  Gran¬ 
ite  on  the  basis  of  texture  and  color.  (This  problem  remains  regardless  of  whe¬ 
ther  or  not  the  2  granites  are  comagmatic).  Based  on  our  results,  we  could 
equally  well  argue  that  the  pink  porphyritic  granite  is  simply  a  textural  vari¬ 
ant  of  the  type  Sixmile  Granite.  We  therefore  suggest  that  such  terms  as  Six- 
mile  Granite  and  Town  Mountain  Granite  should  be  largely  restricted  to  local 
usage  and  should  be  applied  on  a  regional  scale  in  the  Llano  Uplift  only  with 
considerable  caution. 
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A  DISCRIMINANT  FUNCTION  FOR  GROUND 
WATER  EXPLORATION 


by  DOO  JUNG  JIN 

Geophysics  Division,  Institute  for  the  Study  of  Earth  and  Man, 
Southern  Methodist  University,  Dallas,  75275 

INTRODUCTION 

The  grain  size,  the  porosity,  and  the  permeability  of  an  aquifer  are  3  im¬ 
portant  factors  which  affect  the  reserve  and  movement  of  ground  water.  In 
general,  large  grain  size,  great  porosity,  and  high  permeability  are  required  to 
retain  and  produce  ground  water.  Unfortunately,  as  in  most  natural  phenom¬ 
ena,  a  good  quality  in  one  property  is  not  always  accompanied  by  that  in 
another.  As  an  example,  an  aquifer  of  greater  porosity  does  not  necessarily 
have  higher  permeability.  Consequently,  earth  scientists  often  face  the  diffi¬ 
cult  problem  —  “What  is  the  relationship  among  the  grain  size,  porosity,  and 
permeability?”  or  “Is  there  any  specific  number  which  can  be  used  as  a  refer¬ 
ence  with  which  observed  values  are  compared  and  determine  whether  or  not 
an  aquifer  in  question  is  suitable  for  ground  water  development  in  an  arid 
area?” 

In  order  to  give  a  solution  to  the  above  problem,  a  discriminant  function  is 
used.  Data  are  collected  from  the  aquifers  which  have  already  been  proven 
suitable  or  not  suitable  for  ground  water  development.  From  the  data,  a 
function  which  expresses  the  relationship  among  properties  of  the  aquifers 
is  established  so  that  it  can  be  used  in  the  future  as  a  standard  in  determining 
whether  a  specific  area  is  suitable  for  ground  water  development.  In  other 
words,  the  probability  of  an  aquifer  producing  ground  water  economically 
depends  on  its  value  obtained  by  use  of  the  function.  If  its  value  is  the  same 
as  or  better  than  that  of  the  “suitable  aquifer,”  the  aquifer  will  probably 
produce  profitable  amounts  of  ground  water. 

SUMMARY  OF  THE  METHOD 
1.  Data  Matrix 

Data  are  arranged  in  matrix  form.  Uy  denotes  the  measurement  of  the  ith 
characteristic  of  the  jth  sample  from  population  U.  v»  denotes  those  from 
population  V.  nx  and  n2  samples  are  taken  from  U  and  V  populations  respec¬ 
tively,  and  k  characteristics  are  measured  for  each  sample,  where  k  <  nx  and 
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k  <  n2.  A  matrix  or  a  vector  is  denoted  by  an 
elements  are  denoted  in  the  form  of  a^ 


Ull 

Ui2 

uini 

U21 

u22 

u2ni 

ukl 

uk2 

ukn, 

Vn 

Vi2 

vln2 

V21 

V22 

v2n2 

vkl 

vk2 

vkn2 

underlined  letter  and  its 


(M— 1) 


(M-5) 


2.  Covariance  Matrix 

Estimated  covariance  matrix  B  =  (b~)  is  calculated  by  the  following  formu¬ 
la  (Krumbein  and  Graybill,  1965): 


h..=  1 

nx  +  n2  —  2 


f=1  (uit-uU  (ujt  -  ^  + 


where 


ni 


2  (Vftlvj.)  (VjJwj) 
t=l  J 

n2 


(M— 3) 


u-.  =  __  2  u-t  and  v.-  =  _  2  vti. 
n,  t=1  J  n2  t=1  rJ 


3.  Inverse  of  Covariance  Matrix 

The  inverse  of  the  covariance  matrix  B.  is  calculated  by  use  of  the  defini¬ 
tion  of  inversion: 

B  C=i 

where  C  =  B~ 1  and  \  is  an  identity  matrix. 


(M-4) 
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4-  ap’s 

Compute  ap  values  where 
k 

ap  =  2  cpj  (u.j  -  v.j),p  =  1,2, . . .  ,k  (M— 5) 

j=l 

5.  Discriminant  Function 

Discriminant  function,  D(X),  is  given  by  (Krumbein  and  Graybill,  1965) 
k 

D(X)  =  2  ap  xp  (M— 6) 

p=l 

where  X  denotes  a  set  of  values  to  be  obtained  from  k  measurements.  Dis¬ 
criminant  index,  DQ,  is  given  by 

k 

Do  =  54  2  ap  (5p.  +  V  (M— 7) 

P=1 

The  values,  of  each  of  U  and  V,  which  will  be  compared  with  DQ  are  com¬ 
puted  by 

k 

D_  =  2  ap  Up  (M— 8) 

U  p=l 

k 

D_  =  S  a  v  (M— 9) 

V  p=l  p  p- 

6.  Test  of  Effectiveness  of  the  Discriminant  Function  (Examination  of  the 
degree  o f  overlap ) 

The  test  of  the  effectiveness  of  a  discriminant  function  can  be  performed 
when  the  discriminant  values  for  each  sample  are  calculated  and  compared 
with  each  other  and  with  DQ,  D^,  and  D^.  Discriminant  values  for  individual 

samples  are  calculated  by 

D(u  j}  =  2  ,  aP  uPj 

p=i 


(M— 10) 
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EXAMPLE 

1.  Data  Matrix 

The  data  on  grain  size,  porosity,  and  permeability  of  samples  taken  from 
the  U  and  V  populations  are  shown  in  both  table  and  matrix  forms.  To  avoid 
the  complexity  in  calculation,  only  3  samples  are  taken  from  each  population 
to  result  in  3  x  3  data  matrix. 

Table  1:  Multivariate  data  for  discriminant  analysis. 


(1)  U:  Less  productive  ground  water  well  site 


Sample  number  (j) 

Characteristics  (i) 

1 

2 

3 

“i. 

Grain  size  in  10  4  m 

2.0 

3.0 

4.0 

3.0 

Porosity 

0.4 

0.3 

0.2 

0.3 

Permeability  in  10  3  m/sec 

0.9 

2.1 

3.0 

2.0 

"j 

1.1 

1.8 

2.4 

(2)  V:  More  productive  ground  water  well  site 


N'\^Sample  number  (j) 

i 

2 

•  3 

vi 

Characteristics  (i) 

Grain  size  in  10-4  m 

6.9 

3.2 

5.2 

5.1 

Porosity 

0.1 

0.3 

0.2 

0.2 

Permeability  in  10~3  m/sec 

5.0 

4.0 

3.0 

4.0 

4.0 

2.5 

2.8 
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U  = 


V 


2.  Covariance  Matrix 


bi 


 1 


3+3-2 

=  2.220 
Similarly, 


2.0 

3.0 

4.0 

0.4 

0.3 

0.2 

(E— 1) 

0.9 

2.1 

3-0  ) 

6.9 

3.2 

5.2  ' 

0.1 

0.3 

0.2 

(E— 2) 

5.0 

4.0 

3.0 

s 

3 

2  (ult-u1.)(ult-u.1)  +  S  (vu  -  Vi.)(vlt- v.i) 

t=l  *  t=l 


b12  =0.143;b13  =0.950;  b21  =-0.143;  b22  =  0.120; 
b23  =-0.053;  b31  =  0.950;  b32  =-0.078;  b33  =  1.060 
Therefore,  matrix  B  is 


B  = 


2.220  0.143  0.950 

-0.143  0.120  -0.053 

0.950  -0.078  1.060 


(E— 3) 


3.  Inverse  of  Covariance  Matrix 
Let 


Then 

Therefore 


B“1=C=(cij) 
B  C  =  I 


'  2.220 

0.143 

0.950  v 

-0.143 

0.120 

-0.053 

0.950 

X 

-0.078 

1 .060  x 

\ 

Cl  2 
C2  2 
c3  2 


Eq.  (E-4)  gives  the  values  of  c-j  as  follows: 


(E-4) 


C1  3 

"l 

0 

X 

0 

c2  3 

= 

0 

1 

0 

C3  3 

0 

V 

0 

1 

2 

c, ,  =0.658;  c.12  =-1.190;  c13  =-0.651; 
c21  =0.541;  c22  =  7.640;  c23  =-0.123; 
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C3 1 - 0.551;  C32  -  1.640;  C33  —  1.520. 


That  is,  matrix  C,  which  is  the  inverse  of  the  covariance  matrix 


C  = 


0.658 

0.541 

-0.551 


-1.190  -0.651 

7.640  -0.123 

1.640  1.520 


4.  a  p’s 

3 


31=2  C1j(a.j- 

v"j> 

=  -0.817. 

1=1 

Similarly, 

a2  =  —6.850;  a3 

Therefore 

i  =-j 

Z'  Q  \ 

ai 

0.168. 

"  -0.817' 

o*P)  = 

a2 

.  a3  y 

= 

-6.850 

-0.168 
s.  / 

5.  Discriminant  Function 

D(X)  =  — 0.817Xj  -  6.850X2  -  O.I68X3 

Discriminant  index  is 
3 

D0  =  KX  ap  (u"p  +  v~p  )  =  —5.52 
p=l 


Discriminant  values  for  individual  populations  are 
3 

°D=  2  Vp-  =  ”4-83 

P=1 


Dv  =  2  ,  Vp-  =  -6-20 
p=i 


B,  becomes 

(E-5) 


(E-6) 

(E— 7) 

(E— 8) 

(E— 9) 

(E— 10) 


Comparing  Eqs.  (E— 8),  (E— 9)  and  (E— 10)  gives 


GROUND  WATER 
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6.  Test  of  the  effectiveness  of  the  discriminant  function 
Discriminant  values  for  individual  samples  are  as  follows. 

3 

DOM)  =  2  apupl  =  -4.52. 

P=1 


Similarly, 


D(u.2)  =  —4.85 
D(u.3)  =  —5.13 
D(v.i)  =  —7.16 
D(v.2)  =  —5.33 
D(v.3)  =  —6.12 

To  help  visualize  the  effectiveness  of  the  discriminant  function,  this  result 
is  shown  in  table  form  (Table  2). 


Table  2:  Discriminant  values  for  individual  samples. 


Less 

Rank  productive 

site  (U) 

More 

productive 
site  (V) 

Sample 
number 
of  U 

Sample 
number 
of  V 

1 

-4. 
Id  rt  = 

52 

-4  83 

35 

1 

2 

n  u 

-4.! 

2 

3 

-5.13 

3 

4 

-5.33 

2 

5 

o 

3 

-6.12 

-  c  in 

6 

V 

-7.16 

1 

DISCUSSION 

The  meaning  of  the  result  obtained  in  Eq.  (E-l  1)  and  Table  2  is  explained 
in  the  following  paragraphs. 

Suppose  a  sample  is  taken  and  it  is  known  that  it  is  either  from  population 
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U  or  from  population  V,  but  it  is  not  known  that  which  population  the  sam¬ 
ple  came  from. 

A  set  of  attributes  (3  in  our  example-grain  size,  porosity,  and  permeability), 
Xi0,  X2°,  X3°,  .  .  .  ,  X^0,  where  X°  denotes  the  sample  in  question,  is  mea¬ 
sured  and  the  discriminant  value  is  calculated.  If  D(X°)  is  greater  than  DQ, 
then  the  sample  is  declared  to  have  come  from  population  U  or  it  is  declared 
that  the  area  from  which  the  sample  was  taken  is  not  suitable  for  ground  wa¬ 
ter  development.  If  D(X°)  is  less  than  or  equal  to  DQ,  then  the  sample  is  de¬ 
clared  to  have  come  from  population  V  or  it  is  declared  that  the  area  from 
which  the  sample  was  taken  is  suitable  for  ground  water  development. 

Table  2  shows  that  all  the  samples  taken  from  the  less  productive  well  site 
have  discriminant  values  greater  than  DQ,  while  2/3  of  the  samples  taken  from 
the  more  productive  well  site  have  discriminant  values  less  than  DQ.  From 
statistical  view  point,  it  is  likely  that,  if  greater  number  of  samples  (instead  of 
3  as  in  our  example)  had  been  taken,  more  than  2/3  of  the  samples  taken  from 
the  more  productive  well  site  would  have  had  discriminant  values  less  than 

D0- 

All  the  above  results  support  the  conclusion  that  the  discriminant  function 
is  a  powerful  tool  in  analysis  of  hydrogeological  data  for  ground  water  ex¬ 
ploration  and  that  the  3  factors  chosen-grain  size,  porosity,  and  permeability 
are  reasonably  good  discriminatory  variables. 
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ABSTRACT 

The  basal  formation  of  the  Canyon  Group  (north-central  Texas)  in  its  type  area  is  the 
Palo  Pinto  Limestone.  This  formation  may  be  divided  into  four  distinct  vertically  succes¬ 
sive  petrographic  units:  (from  bottom  to  top)  algal  calcilutite,  foraminiferal  calcilutite, 
oolitic  calcar enite  and  unfossiliferous  calcilutite. 

Faunal  point  count  studies  of  the  petrographic  units  of  the  Palo  Pinto  Limestone 
generally  coincide  with  its  petrographic  subdivisions.  Phylloid  algae  and  brachiopods  are 
most  abundant  in  the  algal  calcilutite.  Fusulinids  and  ophthalmidid  foraminifera  are  most 
abundant  in  the  foraminiferal  calcilutite  and  oolitic  calcarenite.  No  laterally  extensive 
concentration  of  fossil  constituents  have  been  found  in  the  petrographic  units.  The  ex¬ 
ception  to  this  is  a  single  fusulinid  coquina. 

The  algae  in  the  limestone  are  believed  to  have  lived  in  a  sublittoral  environment, 
probably  a  marine  bank  at  a  depth  considerably  less  than  100  feet.  The  distribution  of 
petrologies  and  fauna  also  indicate  a  progressive  shallowing  of  the  environment  through 
Palo  Pinto  time. 

INTRODUCTION 

The  Canyon  Group  of  north-central  Texas  is  a  carbonate-terrigenous  clastic 
sequence  of  Pennsylvanian  age  (Figure  1).  Five  major  limestone  bodies  and 
several  carbonate  stringers  and  lenses  are  found  within  this  group.  Several 
types  of  organisms  have  contributed  to  the  carbonate  material  in  the  lime¬ 
stones  of  this  group.  Calcareous  algae  are  the  dominant  constituent  of  the 
rocks.  A  more  detailed  knowledge  of  the  faunal  variation  and  depositional 
environment  is  desirable. 

Laury  (1962)  summarized  and  reviewed  the  stratigraphic  nomenclature  of 
the  Canyon  group  and  mapped  in  detail  the  stratigraphy  of  the  Canyon  type 
area.  Laury  divided  the  Canyon  Group  into  eight  formations  with  a  number 
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EXPLANATION 


- 1 - 1 

Figure  1  Outcrop  of  major  rock  units  of  north-central  Texas. 

of  informal  members.  In  ascending  order  the  formations  of  the  Group  are:  The 
Palo  Pinto  Limestone,  Posideon  Formation,  Wolf  Creek  Shale,  Winchell  Lime¬ 
stone,  Placid  Shale,  Ranger  Limestone,  Colony  Creek  Shale,  and  the  Home 
Creek  Limestone.  The  limestone  bodies  of  the  Canyon  Group  undergo  facies 
changes  along  axes  that  trend  northeast  to  southwest  across  north-central 
Texas.  The  limestones  change  facies  to  predominantly  shale  with  interbedded 
limestone  stringers  (Bretsky,  1966;  Raish,  1964  and  Wermund,  1966). 
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Within  the  type  area  (Laury,  1962)  the  Palo  Pinto  Limestone  may  be  divi¬ 
ded  physiographically  into  two  major  units,  a  lower  cliff-forming  unit  and  an 
upper  slope-forming  sequence  (Figure  2).  The  base  of  the  formation  is  usually 
covered  and  exposure  of  the  basal  contact  with  the  underlying  shales  of  the 
Strawn  Group  is  rarely  seen.  The  present  study  of  the  Palo  Pinto  Limestone 
lies  within  the  type  area  of  the  Canyon  Group.  However,  the  environmental 
synthesis  presented  can  be  broadly  applied  to  the  entire  Palo  Pinto  Limestone. 


PROCEDURES 

In  order  to  establish  the  physical  relationships  and  depositional  environ¬ 
ment  of  the  sediments  of  the  Palo  Pinto  Limestone  a  textural  and  faunal 
analysis  had  to  be  made.  Seventeen  stratigraphic  sections  were  measured  along 
the  strike  of  the  exposures  of  the  formation  within  its  type  area  at  approxi¬ 
mately  Vi  mile  intervals  (Figure  3).  A  total  of  158  samples  were  taken  at  a 
maximum  interval  of  2  feet  within  each  stratigraphic  section.  The  field  notes 
included  the  codified  descriptions  (Poche’,  1968)  of  the  outcrops  as  well  as 
drawings  of  the  general  appearance  and  weathering  profile  of  the  outcrops 
sample. 

One-half  inch  thick  slabs  were  cut  from  each  sample  perpendicular  to  bed¬ 
ding.  These  slabs  were  polished  and  examined  under  a  binocular  microscope 
in  order  to  determine  their  petrology.  A  texturally  and  faunally  representa¬ 
tive  area  (46  mm  x  27.5  mm)  was  selected  for  re-examination  in  conjunction 
with  a  5  mm  square  micrometer  disk  reticule.  Point  count  tallies  were  kept  of 
the  presence  or  absence  within  the  grid  of  14  different  faunal  and  textural 
constituents.  The  tallies  provided  a  volumetric  estimate  of  each  of  the  se¬ 
lected  constituents  and  were  made  essentially  at  the  phyletic  level.  They  in¬ 
cluded  the  whole  and  fragmental  portions  of  brachiopods,  pelecypods,  cri- 
noids,  fusulines,  ostracods,  foraminifera,  echinoderms,  bryozoa,  corals,  gas¬ 
tropods  and  algae  as  well  as  oolites,  spines,  and  intraclasts  and  blank  grids. 

RESULTS 

The  main  petrological  and  paleontological  characteristics  of  the  Palo  Pinto 
Limestone  are  summarized  on  the  following  page. 

DEPOSITIONAL  ENVIRONMENT 


Textural  and  faunal  studies  of  the  lower  Canyon  limestones  suggest  that 
the  carbonate  sediments  were  accumulated  as  a  marine  bank  or  shoal  (Wer- 
mund,  1966;  Raish,  1964).  Subsurface  data  (Wermund,  1966)  indicate  that 
the  limestone  formations  of  the  Canyon  Group  and  stratigraphically  higher 
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Table  1 

(a)  Limestone  Petrology 


Types 

Description  and  Remarks 

Calcilutite 

Mainly  confined  to  the  upper  parts  of  the  formation;  character¬ 
ized  in  outcrop  by  nodular,  rubbly  slopes  in  which  only  a  few 
marly  limestone  lenses  occur;  pale  yellowish  brown  (NRC  color 
chart  -  10YR6/2)  at  top  of  interval  and  medium  light  gray  (N6) 
at  bottom.  Commonly  mottled  in  appearance  and  homogeneous 
in  texture  and  contains. little  skeletal  material. 

Algal 

Calcilutite 

Confined  to  bottom  half  of  formation;  characterized  in  outcrop 
as  thin  irregularly  bedded,  resistant  limestone;  light  gray  (N7). 
Fossils  in  decreasing  order  of  volumetric  abundance:  Phylloid 
algae,  bryozoa,brachiopods,  echinoderm  fragments  and  foramini- 
fera  especially  ophthalmidids. 

Foraminiferal 

Calcilutite 

Found  in  the  middle  portions  of  the  formation  usually  between 
the  resistant  and  non-resistant  weathering  to  lenticular;  light  olive 
gray  (5Y6/1).  Predominant  fossil  constituents  are  fusulines  and 
tubiform  encrusting  ophthalmidid  foraminifera.  Commonly  con¬ 
tains  coquinoid  proportions  of  fusulinidae  which  may  be  used  as 
stratigraphic  marker.  Other  fossil  constituents:  phylloid  algae 
fragments  and  other  calcareous  algae  (Dasycladaceae),  echino¬ 
derm  fragments,  brachiopod  shell  fragments;  borings.  Sparry  cal- 
cite  occurs  as  void-fillings. 

Oolitic 

Calcarenite 

Found  directly  above  the  foraminiferal  calcilutite;  ruggy  in  ap¬ 
pearance  and  light  olive  gray  (5Y6/1)  in  color;  not  present  in  all 
measured  sections.  Consists  of  superficial  oolites.  Ophthalmidid 
foraminifera  coat  nuclei  of  largely  unidentifiable  origin.  Probably 
represents  the  locally  preserved,  winnowed,  coarser  particles  of 
the  foraminiferal  calcilutite.  Algae  and  fusulines  occur  in  frag¬ 
ments.  Some  algal  coatings  worn  by  abrasion.  Generally  resistant 
to  weathering. 

(b)  Biogenic 
Content 

Generally  well  preserved;  particularly  in  upper  portions  of  the 
formation.  Whole  and  articulated  specimens  usually  in  growth 
position.  Algae  in  lower  portions  of  formation  generally  recrys¬ 
tallized. 

Fossils 

Observations  Remarks 

Phylloid 

Algae 

Abundant  in  lower  por-  Similar  assemblage  recorded 

tions  of  the  formation,  by  Raish  (1964)  for  strati- 
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Table  1  (Continued) 


Fossils  Observations 


Remarks 


Brachiopods 


Fusulinids 

J 


Other 

Foraminifera 


Other  trace 
constituents 


probably  Eugonophyllum 
and/  or  A  rchaeoli  th  ophyl- 
lum.  Epimastopora  found 
stratigraphically  higher. 


Productid  and  spiriferid 
type  and  their  spinal  frag¬ 
ments  found  throughout 
the  formation.  Predomi¬ 
nant  are  Linoproductus, 
Dictyoclostus,  Echinocon- 
chus,  Neospirifer  and 
Composita. 

Found  in  varying  amounts 
throughout  most  sections. 
Triticites  reach  coquinoid 
proportions  between  algal 
and  foraminiferal  calcilu- 
tites. 

High  concentrations  of 
ophthalmidids  are  present 
as  coatings  in  foraminiferal 
calcilutite.  Other  calcar¬ 
eous  foraminifera  are 
also  present  but  in  minor 
amounts. 

Algal  calcilutites  contain 
ostracods,  trepostome  bry- 
ozoa  and  echinoid  spines 
and  crinoid  columnals. 
Syringopora  and  euompha- 
lid  gastropods  are  associ¬ 
ated  with  the  foraminiferal 
calcilutite  and  oolitic  cal- 
carenite.  Rugose  corals  are 
associated  with  the  fusu- 
line  bearing  intervals.  Bor¬ 
ings  (1  to  2  in  in  dia.)  and 
pelecypod  molds  associa¬ 
ted  with  foraminiferal  cal¬ 
cilutite  only. 


graphically  higher  Winchell 
Ls.  and  interpreted  as  off¬ 
shore  marine  bank.  Cloud 
(1952)  placed  most  probable 
habitat  of  modern  Codiaceae 
as  45  fathoms  or  less. 

Shallow  sublittoral  habitat. 


Shallow  warm  water  as  pre¬ 
ferred  habitat. 
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Figure  2  Representative  outcrop  section  of  the  Palo  Pinto  Limestone. 
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limestones  thicken  extensively  to  the  northwest  of  the  area  of  study  (Figure 
4).  These  major  centers  of  carbonate  accumulation  were  topographically 
slightly  higher  than  the  surrounding  environments.  The  lime-mud  and  skeletal 
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debris  were  accumulated  in  relatively  clear,  warm  water.  Similar  lithologies 
of  comparable  age  in  Kansas  (Harbaugh,  1959,  1960  and  Harbaugh  et  al. 
1965)  have  also  been  interpreted  as  carbonate  banks. 


Figure  4  Interpretation  of  geographic  relations  that  existed  during  the  deposition 
of  Palo  Pinto  Limestone.  Major  limestone  buildups  shown  as  elevated 
areas  (based  upon  subsurface  data  by  Wermund,  1966).  Stippled  areas 
are  known  localities  of  accumulation  of  Oolitic  Calcarenites. 

Textural  studies  of  limestones,  particularly  their  particle  size,  sorting  and 
shape  give  many  indications  as  to  the  amount  of  energy  present  in  the  deposi- 
tional  environment  (Figure  5).  From  the  standpoint  of  size  alone,  the  algal 
calculites  and  unfossiliferous  calcilutites  represent  low  energy  conditions,  and 
the  foraminiferal  calcilutites  represent  an  intermediate  condition.  The  oolitic 
calcarenites  represent  high  energy.  This  is  particularly  indicated  by  the 
abrated  nature  of  the  surfaces  of  many  of  the  oolites.  Correspondingly,  the 
deepest  inferred  deposition  occurred  during  the  sedimentation  of  the  algal 
calcilutite;  the  foraminiferal  calcilutites  and  oolitic  calcarenites  were  ap¬ 
parently  deposited  at  shallower  depths.  This  fact  is  borne  out  in  the  fossil 
faunas  found  in  each  of  the  petrologies.  The  assumption  that  the  texture  of 
the  limestone  precludes  the  possibility  that  the  sediment  sizes  were  changed 
while  they  were  in  the  pre-lithified  state,  for  example  by  the  reworking  of 
burrowing  organisms. 

The  depth  of  deposition  of  the  calcilutite  found  at  the  top  of  the  Palo  Pin¬ 
to  interval  is  problematic.  Little  or  no  faunal  evidence  is  present  in  this  petro¬ 
graphic  unit  to  provide  a  clue  to  its  depth  of  deposition.  Poor  exposures  also 
complicates  the  problem.  Stratigraphically,  the  calcilutite  lies  between  the 
oolitic  calcarenite  of  the  formation  and  the  sands  and  sandy  shales  of  the 
overlying  Fambro  Member  of  the  Posideon  Formation.  The  Fambro  has  been 
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interpretated  to  be  an  offshore  bar  (Laury,  1962).  This  would  lend  credence 
to  the  idea  that  the  marls  and  limestone  nodules  of  the  calcilutite  interval 
were  actually  deposited  at  a  shallower  depth  than  the  oolitic  calcarenite. 
Wermund  (1966)  has  reported  that  frequently  such  nodular  limestone  is  argil¬ 
laceous  and  clay  is  commonly  wrapped  about  the  nodules. 


INCREASING  AMOUNT 


Figure  5  Relative  fossil  distribution  and  energy  implications. 


Faunal  analysis  further  suggests  a  bank  interpretation  of  the  Palo  Pinto. 
The  most  prominent  constituent  of  the  limestone  is  phylloid  of  leaf-like  algae. 
Based  upon  other  studies,  the  algal  calcilutite  probably  contains  Eugono- 
phyllum  and/or  Archaeolithophyllum.  Eugonophyllum  is  a  member  of  the 
family  Codiaceae  or  green  algae.  Konishi  and  Wray  (1961)  have  noted  that  the 
assumed  photic  requirements  of  Eugonophyllum  based  upon  analogy  with 
recent  calcareous  Codiaceae,  suggest  that  it  did  not  live  at  depths  greater  than 
100  feet.  In  short,  Eugonophyllum  inhabited  the  inner  sublittoral  environ¬ 
ment  below  normal  wave  agitation  at  depths  of  100  feet  with  its  most  abun¬ 
dant  appearance  in  the  shallow  portion  of  its  range.  A  similar  environment 
has  been  interpreted  for  the  red  alga,  Archaeolithophyllum  by  Wray  (1964). 
Cloud  (1952)  has  placed  the  maximum  depth  to  which  modern  Codiaceae 
range  as  390  feet  with  the  most  probable  habitat  being  270  feet  or  less. 
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PLATE  | 


(Area  shown  on  all  photographs  is  1.5  sq.  cm.) 
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The  oolitic  calcarenite  and  the  foraminiferal  calcilutite  contain  the  phyl- 
loid  a\g2i,Epimastopora,  a  member  of  the  calcareous  green  algae  family  Das- 
cladaceae.  The  family  Dascladaceae  is  living  today  and  has  shown  little  varia¬ 
tion  since  its  first  appearance.  This  family  of  algae  is  very  abundant  in  18  to 
30  foot  depths  of  tropical  to  subtropical  seas  with  a  maximum  range  of  228 
feet  (Cloud,  1952).  These  figures  agree  with  interpreted  depths  based  upon 
particle  size  and  sorting  found  in  these  petrographic  units.  The  environment 
described  is  much  the  same  as  that  which  exists  on  the  Grand  Bahama  Bank 
(Newell,  Imbrie,  Purdy  and  Thurber,  1959).  The  proposed  environment  of 
deposition  is  also  analogous  to  that  proposed  for  other  Kansan  limestone 
banks  of  similar  age  (Harbaugh,  1959;  Harbaugh  et  al.,  1965;  Wray,  1964). 

A  reconstruction  of  the  depositional  history  of  the  Palo  Pinto  Limestone 
based  upon  outcrops  observed  would  indicate  that  the  algal  calcilutite  was 
deposited  initially  as  an  algal  bank  at  a  depth  of  less  than  100  feet.  The  de¬ 
position  of  the  foraminiferal  calcilutite  followed  next  at  a  considerably  shal¬ 
lower  depth.  In  some  places  where  the  water  was  very  shallow  the  coarser 
oolitic  constituents  of  the  foraminiferal  calcilutite  were  winnowed  out  of 
their  mud  matrix  and  concentrated  in  slightly  lower  energy  positions  to  form 
oolitic  calcarenite.  Later,  at  an  undetermined  depth,  marls  and  nodular  lime¬ 
stones  were  deposited. 
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1.  Foraminiferal  Calcilutite  -  Matrix  is  almost  entirely  tubiform  foraminifera.  Larger 
particles  consist  of  brachiopod,  crinoid,  fusuline  and  phylloid  algal  fragments  coated 
with  foraminifera. 

2.  Oolitic  Calcarenite  locally  developed  m  upper  portions  of  Foraminiferal  Calcilutite. 
Note  similarity  in  particle  size  and  shape  to  coarse  particles  shown  in  Photograph  1. 

3.  Photomicrograph  of  the  alga,  Epimastopora  showing  large  characteristic  pore  devel¬ 
opment. 

4.  Cross-section  of  productid  brachiopod  in  Algal  Calcilutite.  Note  brachiopod  spine 
and  partial  filling  of  shell  with  lime-mud  matrix  and  void-filling  sparry  calcite  (dark 
area). 

5.  Phylloid  algae  (arrows)  present  in  Algal  Calcilutite.  Fusulines,  gastropod  shell  frag¬ 
ments  and  smaller  foraminifera  are  present. 

6.  Lower  portion  of  Foraminiferal  Calcilutite  showing  coquina  of  fusuline,  Triticites. 
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TRACK  OF  A  SMALL  AMPHIBIAN  FROM  THE 
PENNSYLVANIAN  OF  OKLAHOMA 


by  WILLIAM  A.  S.  SARJEANT 

Department  of  Geological  Sciences,  The  University  of  Saskat¬ 
chewan,  Saskatoon ,  Canada 

ABSTRACT 

A  very  small  trackway  from  the  Nellie  Bly  Formation  (Pennsylvanian)  of  Sand 
Springs,  Oklahoma,  is  described  and  illustrated.  The  new  name  Oklahomaichnus  millsii 
is  proposed  for  it.  The  tracks  are  shown  to  be  those  of  a  small  amphibian  which  was  an 
inept  pedestrian  and  was  probably  of  primitive  character. 

INTRODUCTION 

The  collections  of  the  Department  of  Geology,  University  of  Iowa,  con¬ 
tain  a  small  fragment  of  greenish-grey,  partly  iron-stained  argillaceous  silt- 
stone,  into  which  is  impressed  the  trackway  of  an  animal.  This  was  collected 
by  Mr.  Ben  Mills  prior  to  1928  and  presented  by  his  widow  to  the  University 
of  Iowa  around  1939.  Through  the  courtesy  of  Dr.  Holmes  A.  Semken,  it  was 
sent  to  me  for  study.  After  a  prolonged  literature  search,  I  was  forced  to  the 
conclusion  that  no  similar  track  has  yet  been  described  or  figured.  The  speci- 
ment  is  therefore  described  here  for  the  first  time  and  a  new  name  proposed 
for  it. 

The  descriptive  terminology  employed  is  essentially  that  formulated  by 
Peabody  (1959)  in  his  classic  study  of  the  track  patterns  of  living  and  fossil 
salamanders.  A  discussion  of  the  principles  of  footprint  description  is  to  be 
found  in  my  earlier  paper  in  this  journal  (1971);  definitions  of  all  terms  used 
herein  are  to  be  found  in  the  reviews  by  Haubold  (1971)  and  me  (1975).  Hau- 
bold  (1970)  gives  an  excellent  resume  of  known  amphibian  tracks  from  Mis¬ 
sissippi  to  Permian  strata. 

SYSTEMATIC  DESCRIPTION 

Class  Amphibia 

Subclass  ?  Lepospondylia  Zittel  1887-90 
Order  and  Family  Uncertain 
Ichnogenus  Oklahomaichnus  ichnogen.nov. 
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Diagnosis.  Quadrupedal  trackway,  exhibiting  clear  tail-drag  marks.  Digiti- 
grade;  manus  (hand)  smaller  than  pes  (foot)  and  more  lightly  impressed. 
Manus  functionally  pentadactyl,  pes  functionally  tetradactyl.  Manus  impres¬ 
sions  typically  outside  pes  impressions;  trackway  width  thus  greater  than  the 
pace  width  of  the  hindfeet.  The  digits  are  in  general  directed  outward  from 
the  midline  of  the  trackway;  the  first  digit  of  the  pes  is  however  directed  for¬ 
wards,  being  often  obscured  by  tail-drag  and  giving  an  apparent  tridactyl 
character  to  the  pes  impressions.  Medium-to  long-coupled,  the  pes  impres¬ 
sions  showing  secondary  or  tertiary  overlap  over  those  of  the  manus. 

Derivation  of  Name.  After  the  State  in  which  the  impressions  were  found. 

Type  Species.  Oklahomaichnus  millsii  Sarjeant,  ichnosp.  nov.,  herein.  Nel¬ 
lie  Bly  Formation,  Skiatook  Group  (Pennsylvanian),  Sand  Springs,  Oklahoma. 

Remarks.  No  tracks  yet  described  show  any  close  accord  with  those  here 
figured.  Peabody’s  studies  (1959),  though  they  showed  how  the  character  of 
the  trackway  varies  greatly  according  to  the  substrate  over  which  the  amphib¬ 
ian  is  walking,  included  none  in  which  the  digits  were  directed  so  much  out¬ 
ward,  nor  do  any  fossil  amphibian  tracks  hitherto  described  exhibit  this  fea¬ 
ture.  It  is  surely  a  primitive  characteristic,  of  an  animal  which  was  a  highly 
inefficient  pedestrian.  For  this  reason,  it  is  considered  that  the  tracks  must  be 
those  of  amphibians  of  a  primitive  type. 

Since  no  tracks  of  similar  character  have  yet  been  described,  it  is  not 
possible  to  decide  to  which  group  of  amphibians  the  track  maker  belonged. 
Provisional  assignation  to  the  Subclass  Lepospondylia  is  made  on  size  alone. 

Oklahomaichnus  millsii  ichnosp.  nov. 

Plate  1.  Text-figs.  1,2. 

Diagnosis.  Very  small  tracks,  exhibiting  the  characteristics  of  the  ichno- 
genus.  Rather  meandrine,  with  tail-drag  impressions  deeply  incised.  Manus 
impressions  markedly  smaller  and  more  lightly  impressed  than  those  of  the 
pes.  The  digits  lacked  claws,  the  impression  of  the  outermost  phalange  being 
rounded-tipped,  the  second  phalange  being  broader  and  more  deeply  im¬ 
pressed. 

Derivation  of  Name  After  the  late  Mr.  Ben  Mills,  who  collected  the  type 
specimen. 

Holotype.  Specimen  SUI  35619,  lodged  in  the  Paleontological  Collections 
of  the  Department  of  Geology,  University  of  Iowa,  Iowa  City,  Iowa. 

Type  Horizon  and  Locality.  Nellie  Bly  Formation,  Skiatook  Group, Mis¬ 
souri  Series, (Pennsylvanian),  Sand  Springs  Park,  Oklahoma.  The  locality  and 
horizon  cannot  be  identified  more  precisely  in  the  absence  of  exact  records, 
but  it  is  likely  that  the  specimen  came  from  the  so-called  interval  (Pnb5)  un- 
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derlying  the  thick  sandstones  at  the  top  of  the  formation  (see  Bennison, 
1973),  since  the  specimen  appears  to  exhibit  the  beginnings  of  ripple  marks  at 

one  side. 


Plate  1 

Oklahomaichnus  millsii  ichnogen.  et  sp.  nov.,  Nellie  Bly  Formation  (Pennsylvanian), 
San  Springs,  Oklahoma. 
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Text-figure  1 

Oklahomaichnus  millsii  ichnogen.  et  sp.  nov.,  Nellie  Bly  Formation  (Pennsylvanian), 
Sand  Springs,  Oklahoma,  a:  Pes.  b:  Manus;  at  same  scale. 

Dimensions.  Breadth  of  trackway  7  mm,  width  of  pace  of  hindfeet  5  mm, 
Pace  angulation  c.132°.  Stride  SVi  mm.  Digits  of  manus  too  feebly  impressed 
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to  he  capable  of  meaningful  measurement.  Pes:  digit  I,  c.  2.25  mm;  digit  II, 
c.2.25  mm;  digit  II,  c.2.5  mm;  digit  IV,  c.2  mm.  Maximum  breadth  of  tail- 
drag  groove  c.l  mm. 


Text-figure  2 

Measurement  of  interdigital  angles,  pes  of  Oklahomaichnus  millsii  ichnogen.  et  sp. 
nov. 

Divarication  of  Digits.  Manus;  not  measureable.  Pes  (based  on  Text-fig  2); 
I-II,  28°;  II-III,  23°;  IIHV,  22°.  (See  Sarjeant,  1971  p.  346,  for  a  discussion 
of  this  feature). 

Remarks.  This  trackway  is  so  small  that  it  must  surely  be  that  of  a  very 
young  amphibian,  scarcely  out  of  the  larval  stage.  The  fact  that  the  manus 
impressions  appear  outside  those  of  the  pes  indicates  that  the  forelimb  was 
longer  than  the  hindlimb  (Peabody,  1959).  The  obtuse  pace  angle  suggests  a 
long-bodied  amphibian;  the  track  is  too  short  and  too  difficult  to  interpret 
for  a  satisfactory  measurement  of  glenoacetabular  distance,  and  it  is  likely 
that  the  track  maker  was  much  longer-bodied  than  the  quoted  figure  suggests. 

The  continuous  tail-trace  implies  slow  movement;  as  Peabody  (1959) 
points  out,  a  more  rapid  gait  would  be  normally  accompanied  by  a  discontin¬ 
uous  tail-trace.  The  sinuosity  of  the  track  indicates  a  corresponding  sinuosi¬ 
ty  in  body  movement.  It  is  particularly  the  outwardly  directed  digits,  how¬ 
ever,  which  show  that  the  trackmaker  must  have  been  an  inefficient  pedes¬ 
trian  and,  indeed,  imply  that  it  would  be  capable  only  of  slow  movement  on 
land. 
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L 

ABSTRACT 

Age  and  growth  characteristics  were  determined  for  497  yearling  and  older  white  bass 
collected  during  1969  through  1971  from  Lake  Texoma.  Total  length  measurements 
were  taken  from  203  young-of-the-year  white  bass  collected  in  July  1972.  Individuals 
collected  from  the  Washita  River  Arm  of  the  reservoir  had  a  greater  growth  rate  than 
comparable  aged  white  bass  from  the  Red  River  Arm.  The  oldest  individuals  taken 
were  6  years  of  age.  No  significant  difference  was  found  between  the  body-scale  rela¬ 
tionships  for  the  fish  from  each  area  of  the  reservoir.  Significant  differences  were  found, 
however,  when  length-weight  relationships  for  fish  from  each  area  of  the  reservoir  were 
compared. 


INTRODUCTION 

The  white  bass,  Morone  chrysops  (Rafinesque),  is  one  of  the  most  abun¬ 
dant  sport  fishes  in  Lake  Texoma  (Bonn,  1952).  Spring  spawning  migrations 
of  this  species  occur  annually  in  the  2  major  river  systems  that  enter  Lake 
Texoma,  the  Red  and  Washita  rivers. 

Lake  Texoma  was  formed  by  the  construction  of  the  Denison  Dam  in 
1942.  The  reservoir  constitutes  approximately  93,000  surface  acres  at  normal 
power  pool  elevation  of  617  ft  above  mean  sea  level.  A  detailed  description 
of  Lake  Texoma  is  presented  in  bulletins  of  the  U.  S.  Army  Corps  of  Engi¬ 
neers  (1948,  1961). 

The  objectives  of  this  study  were  to  evaluate  the  age  and  growth  charac¬ 
teristics  of  the  white  bass  in  Lake  Texoma,  and  to  determine  whether  any 
significant  differences  existed  in  the  growth  of  white  bass  taken  from  the  2 
major  rivers  entering  the  reservoir. 

METHODS 

A  220  volt  electroshocker  was  used  in  combination  with  1  3/4”  and  2” 

Present  address:  F121  Southeast  Fisheries  Center,  Miami  Laboratory,  75  Virginia  Beach 
Drive,  Miami,  Florida  33149. 
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square  mesh  gill  nets  to  collect  age  group  I  and  older  white  bass.  Sampling 
sites  within  the  2  river  systems  are  presented  in  Fig.  1 .  Total  length  in  milli¬ 
meters,  weight  in  grams,  and  sex  was  recorded  for  each  fish.  Samples  of  scales 
were  taken  posterior  to  the  left  pectoral  fin,  cleaned  and  mounted  dry 
between  glass  slides. 


Figure  1.  Schematic  representation  of  Lake  Texoma,  and  designated  sampling  sites 
within  the  2  river  systems  of  the  reservoir. 

A  body-scale  relationship  was  determined  separately  for  179  Red  River 
and  280  Washita  River  white  bass,  which  were  collected  during  January 
through  April  in  1970  and  1971.  Little  difference  was  observed  between  the 
sexes;  therefore,  they  were  combined.  An  analysis  of  covariance  was  con¬ 
ducted  to  determine  Whether  any  significant  differences  were  present  be¬ 
tween  the  fish  from  each  river  system. 

The  length-weight  relationship  was  determined  for  232  Red  River  and  351 
Washita  River  fish  collected  during  the  same  period. 

A  total  of  203  young-of-the-year  white  bass  were  collected  by  seine  in  July 
1972  from  the  Washita  River.  Total  length  was  measured  and  the  mean  and 
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coefficient  of  variation  were  determined. 

Scales  from  126  males  and  93  females  from  the  Red  River  and  134  males 
and  144  females  from  the  Washita  River,  taken  from  September  1969 
through  June  1971,  were  analyzed  using  a  microprojector  at  a  magnification 
of  32X.  The  distance  from  the  focus  to  the  anterior  margin  of  the  scale  and 
to  each  annulus  was  measured  to  the  nearest  millimeter  and  recorded.  Age  was 
determined  by  the  number  of  annuli  present.  Fish  captured  between  Janu¬ 
ary  1  and  the  time  of  actual  annulus  formation  were  assigned  an  additional 
annulus  at  the  edge  of  the  scale.  Ward  (1951),  from  observations  of  known- 
aged  white  bass,  established  the  validity  of  the  annulus  as  a  true  year  mark  for 
this  species. 

Calculations  of  length  at  each  annulus  were  made  using  the  following  for¬ 
mula:  Lx  =  a  +  Si  (L  —  a);  where  Lx  is  the  average  total  length  at  each  an- 
S 

nulus,  a  is  the  total  length  of  the  fish  at  the  time  of  scale  formation,  Si  is  the 
average  scale  length  at  each  annulus,  S  is  the  average  scale  length  at  the  time 
of  capture,  and  L  is  the  average  total  length  of  the  fish  at  the  time  of  capture. 

RESULTS 

The  body-scale  relationship  for  the  Red  River  white  bass  can  be  described 
by  the  equation:  Y  =  36.956  +  1.3712X.  The  Washita  River  white  bass  body- 
scale  relationship  was  found  to  be:  Y  =  38.252  +  1.3665X,  where  Y  is  the 
calculated  length,  and  X  is  the  scale  radius  at  32X.  These  equations,  along 
with  the  standard  error  and  other  quantities  necessary  for  determination  of 
confidence  limits,  are  presented  in  Table  1.  An  analysis  of  covariance  (Ta¬ 
ble  2)  revealed  no  significant  difference  in  the  regression  coefficients  or  ad¬ 
justed  means  for  the  body-scale  relationships  for  fish  from  the  2  river 
systems. 

Table  1.  The  regression  equations,  unexplained  mean  square,  sum  of  squares  of  x, 
number,  and  standard  error  calculated  for  the  body-scale  relationships 
and  the  length-weight  relationships  (log  transformations),  of  white  bass 
from  the  Red  and  Washita  river  arms  of  Lake  Texoma. 


Y  =  Y  +  b(X-X)  S2y#x 

Ex2 

N 

sb 

Body-scale  relationship  (Red  River) 

288.441  +  1.3712 (X- 183 .408)  358.308 

271,919.229 

179 

0.036 

Body-scale  relationship  (Washita  River) 

304.650  +  1. 3665 (X- 194. 954)  341.552 

375,740.396 

280 

0.030 

Length-weight  relationship  (Red  River  males) 

2.451  +  3.0563(X-2.440)  0.002 

1.119 

126 

0.036 

Length-weight  relationship  (Washita  River  males) 
2.531  +  2.7926(X-2.468)  0.004 

1.307 

188 

0.054 

Length-weight  relationship  (Red  River  females) 

2.571  +  3.0628(X-2.476)  0.003 

0.493 

106 

0.074 

Length-weight  relationship  (Washita  River  females) 
2.573  +  2.7746(X-2.473)  0.004 

1.198 

163 

0.056 
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Table  2.  Covariance  analysis  of  regression  lines  obtained  for  total  length-scale  length 
(both  sexes  combined),  and  length-weight  (log  transformations),  for  male 
and  female  white  bass  from  the  Red  and  Washita  river  arms  of  Lake 
Texoma. 


Source 

Degrees  of 
Freedom 

Mean 

Squares 

F 

Total  length- 

scale  length 

Red  River 

177 

358.308 

Washita  River 

278 

341.552 

within 

455 

348.070 

regression 

1 

3.499 

0.01 

common 

456 

347.315 

adjusted 

1 

17.858 

0.05 

Male  length-weight 

Red  River 

124 

0.00146 

Washita  River 

186 

0.00374 

within 

310 

0.00283 

regression 

1 

0.04124 

14.6** 

common 

311 

0.00295 

adjusted 

1 

0.00003 

Female  length-weight 

Red  River 

104 

0.00271 

Washita  River 

161 

0.00380 

within 

265 

0.00337 

regression 

1 

0.02927 

8.7** 

conmon 

266 

0.00347 

adjusted 

1 

0.00517 

**  Significant  at  the  0.01  level 


Length-weight  data  are  presented  separately  by  sex  for  each  area  (Figure 
2).  The  following  equations  were  obtained  by  the  method  of  least  squares: 
Red  River  males  (log  W  =  -5.0039  +  3.0563  log  L) ;  Washita  River  males 
(log  W  =  -4.3617  +  2.7926  log  L);  Red  River  females  (log  W  =  -5.0123  + 
3.0628  log  L);  Washita  River  females  (log  W  =  —4.2869  +  2.7746  log  L); 
where  W  is  weight  in  g,  and  L  is  total  length  in  mm.  These  equations,  along 
with  the  standard  error  and  other  quantities  necessary  for  determining  con¬ 
fidence  limits,  are  given  in  Table  1 .  The  above  equations  indicate  that  there 
was  little  difference  in  the  length-weight  relationship  between  the  sexes  from 
one  area;  although,  significant  differences  were  evident  between  sexes  of  the 
2  areas  (Table  2). 
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Figure  2.  Length-weight  relationships  of  Lake  Texoma  white  bass. 

A.  Red  River  males:  log  W  -  -5.0039  +  3.0563  log  L 

A  total  of  203  young-of-the-year  white  bass  were  collected  from  the  Wa¬ 
shita  River  Arm  during  July  1972.  The  average  total  length  was  70.1  mm, 
with  a  range  of  50  mm  to  98  mm,  and  a  coefficient  of  variation  equal  to  12.7. 
The  calculated  growth  for  male  white  bass  collected  from  the  Red  River  is 
given  in  Table  3.  The  oldest  male  captured  was  4  years  of  age.  Growth  was 
most  significant  during  the  first  2  years;  weight  increased  most  appreciably 
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during  the  second  year  of  life.  The  oldest  Red  River  female  was  6  years  of  age 
(Table  3).  These  fish  also  exhibited  the  greatest  growth  rate  during  the  first  2 
years  of  fife,  and  changed  most  significantly  in  weight  during  their  second 
year.  Female  white  bass  from  the  Red  River  were  larger  than  comparable  aged 
males  from  the  same  river  system. 

Calculated  growth  rates  of  male  white  bass  from  the  Washita  River  are 
given  in  Table  4.  The  oldest  male  from  this  area  was  from  age  group  V.  These 
fish  increased  most  significantly  in  length  during  the  first  2  years  of  life,  al¬ 
though  the  greatest  weight  increase  occurred  during  the  fifth  year.  The  oldest 
female  from  this  area  belonged  to  age  group  VI.  Similarly,  the  greatest  in¬ 
crease  in  length  occurred  during  the  first  2  years;  however,  the  greatest  in¬ 
crease  in  weight  for  females  was  in  the  second  year.  No  differential  growth 
rate  was  observed  between  the  sexes.  Comparing  growth  rates  between  the  2 
river  systems,  the  Washita  River  white  bass,  on  the  average,  were  larger  than 
the  Red  River  white  bass  of  comparable  age. 
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DISCUSSION 


Houser  and  Bryant  (1970)  found  that  the  distribution  of  plotted  body- 
scale  measurements  for  some  white  bass  from  Bull  Shoals  Reservoir,  in  Arkan¬ 
sas  and  Missouri,  followed  complex  curvilinear  paths.  Weese  (1951),  using 
standard  lengths,  also  found  the  body  length  —  scale  length  relationship  for 
Lake  Texoma  white  bass  to  be  curvilinear.  However,  the  relationship  between 
length  and  anterior  scale  radius  in  the  present  study  agrees  with  that  of  Sigler 
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.  (cont.)  Length-weight  relationships  of  Lake  Texoma  white  bass. 
B.  Red  River  females:  log  W  =  -5.0123  +  3.0628  log  L 
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2.  (cont.)  Length -weight  relationships  of  Lake  Texoma  white  bass. 
C.  Washita  River  males:  log  W  =  -4.3617  +  2.7926  log  L 
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Figure  2.  (cont.)  Length-weight  relationships  of  Lake  Texoma  white  bass. 

D.  Washita  River  females:  log  W  =  -4.2869  +  2.7746  log  L 
Where  W  =  weight  in  g,  and  L  =  total  length  in  mm. 

(1949),  Pelren  (1970),  and  Priegel  (1971),  who  worked  with  white  bass  from 
other  bodies  of  water,  and  found  a  linear  relationship.  No  significant  differ- 
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ence  was  found  between  the  body-scale  relationship  for  the  2  spawning  pop¬ 
ulations  in  this  study.  This  can  be  attributed  to  the  fact  that  the  same  direct 
relationship  between  scale  length  and  body  length  was  present. 

It  is  known  that  most  species  of  fish  change  their  shape  as  they  grow, 
therefore,  the  slope  is  not  equal  to  3  as  has  been  hypothesized  by  some  previ¬ 
ous  workers  (Martin,  1949).  The  slope  is  often  constant  for  fish  of  the  same 
sex,  same  stage  of  maturity,  and  from  the  same  general  locality.  Therefore, 
the  length-weight  relationship  can  be  used  as  a  character  for  the  differentia¬ 
tion  of  small  taxonomic  units  like  any  other  morphometric  relationship 
(LeCren,  1951).  The  significant  difference  found  in  the  regression  coefficients 
of  the  length-weight  relationship  between  the  2  areas  suggests  that  subpopula¬ 
tions  of  white  bass  in  Lake  Texoma  are  present. 

A  great  deal  of  variation  in  growth  occurred  during  the  first  months  of  life. 
Bonn  (1952)  conducted  a  food  and  growth  study  of  young  white  bass  in  Lake 
Texoma.  He  found  an  increased  growth  rate  in  the  young-of-the-year  directly 
related  to  high  water  level  in  the  spring  and  a  diet  principally  of  fish.  The 
great  variation  in  the  length  of  the  young  white  bass  in  the  present  study  may 
indicate  a  prolonged  spawning  period. 

The  growth  of  white  bass  from  Texoma  during  1969  through  1971  was 
less  than  that  reported  for  the  Lake  by  Jenkins  and  Elkin  (1957).  The  growth 
observed  during  the  first  year  of  life,  however,  was  greater  in  Lake  Texoma. 
Compared  to  a  study  conducted  by  Webb  and  Moss  (1967)  on  white  bass 
from  Center  Hill  Reservoir,  Tennessee,  growth  in  Texoma  is  about  equal  the 
first  year,  but  from  the  second  year  on,  it  is  greater  at  Center  Hill  Reservoir. 
Growth  of  white  bass  during  the  first  year  of  life  in  Lake  Texoma  is  'faster 
than  that  reported  by  Houser  and  Bryant  (1970)  for  white  bass  from  Bull 
Shoals  Reservoir.  However,  after  the  first  year,  growth  is  faster  in  Bull  Shoals. 
As  would  be  expected,  due  to  a  longer  growing  season,  Texoma  white  bass 
have  a  faster  rate  of  growth  than  what  has  been  reported  in  Indiana  by  Riggs 
(1953)  and  in  New  York  by  Forney  and  Taylor  (1963). 

The  differences  observed  in  the  growth  of  2  apparent  populations  of  white 
bass  from  Texoma  may  be  attributed  to  differences  in  water  quality  of  each 
river  system.  Substantial  differences,  especially  in  salinity,  were  recently  re¬ 
ported  (Baglin,  1972).  Differences  could  also  be  attributed  to  fish  feeding  in 
different  areas  of  the  Lake  throughout  the  year,  and  differences  in  the  genetic 
potential  may  be  present,  acting  to  produce  differences  in  the  growth  of  the  2 
population. 
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A  STATISTICAL  ANALYSIS  OF  ALGAL  GROWTH  IN  A 
CULTURE  CHAMBER 
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Department  of  Biological  Sciences ,  North  Texas  State  University, 

Denton  76203 

ABSTRACT 

Environmental  control  chambers  are  frequently  used  without  regard  for  naturally  oc¬ 
curring  sources  of  experimental  error  such  as  gradients  in  light  intensity.  A  Sherer  Gro- 
Lab,  Model  CEL  25-7  was  found  to  have  large  differences  in  energy  levels  at  various  loca¬ 
tions  within  the  chamber.  These  were  the  result  of  unequal  emission  along  the  fluores¬ 
cent  tubes  in  the  chamber.  The  variation  in  energy  caused  significant  differences  in 
growth  of  Scenedesmus  quadricauda,  which  were  greatly  decreased  by  randomizing  the 
flasks  once  a  day. 

INTRODUCTION 

Since  physiological  experiments  are  usually  extremely  sensitive  to  environ¬ 
mental  factors,  precise  controls  are  required  for  results  to  be  reproducible. 
Environmental  control  is  often  accomplished  by  the  use  of  chambers  that  per¬ 
mit  regulation  of  light,  temperature  and  humidity.  These  chambers  are  fre¬ 
quently  used  with  no  consideration  given  to  the  potential  source  of  experi¬ 
mental  error  caused  by  gradients  within  the  chamber.  This  paper  describes  the 
light  gradient  in  one  such  chamber  and  its  effects  on  the  growth  of  the  green 
alga,  Scenedesmus  quadricauda. 

MATERIALS  AND  METHODS 

Clonal  isolates  of  Scenedesmus  quadricauda  (I.  U.  614)  were  transferred 
aseptically  to  BristoPs  medium  (Bold,  1949)  and  grown  for  10  days  for  a 
stock  culture.  Fifty  flasks  of  250  ml  volume,  each  containing  50  ml  of 
medium,  were  prepared,  autoclaved  15  min  at  121°  and  18  lb  per  square  inch 
(psi),  cooled,  and  inoculated  with  2.0  ml  of  the  stock  suspension  to  give  an 
initial  absorbance  of  0.1  at  745  nm  for  part  one,  and  0.2  for  part  2  of  the 
study.  The  flasks  were  agitated  on  an  Eberbach  reciprocating  shaker  (modi¬ 
fied  to  hold  50  flasks)  at  80  cycles  per  min.  The  shaker  was  placed  in  a  Sherer 
Gro-Lab,  Model  CEL  25-7,  under  continuous  illumination  of  450±  50  ft— c  as 
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measured  with  a  G.E.  Type  213  light  meter  at  flask  height.  Energy  levels  for 
each  of  the  50  flask  positions  were  determined  with  a  Kettering  YSI  Radio¬ 
meter.  Illumination  was  provided  by  2  cool-white  fluorescent  tubes  and  the 
temperature  was  adjusted  to  24±1°.  The  shaker  top  was  divided  into  50  posi¬ 
tions;  columns  were  numbered  1—5  and  rows  were  lettered  A  —  J  (Table  1). 
The  cultures  were  removed  from  the  chamber  daily  and  absorbance  at  745 
nm  determined  with  a  Coleman-Hitachi  Double-Beam  Spectrophotometer. 
During  part  one  of  the  study,  the  flasks  were  returned  to  the  same  square 
from  which  they  were  removed  for  the  readings.  In  the  second  part  of  the 
study,  the  flasks  were  randomized,  using  a  table  of  random  numbers,  before 
replacement  in  the  shaker,  after  the  method  of  Steele  and  Torrie,  (1960).  Ab¬ 
sorbance  readings  and  cell  counts  were  correlated  so  that  absorbance  could  be 
used  as  a  measure  of  growth. 

Table  1.  Energy  levels  (ergs/cm2 /sec)  x  10~3  for  each  flask  position  within  the 


culture  chamber. 


Row 

Column 

1 

2 

3 

4 

5 

X 

A 

5.10 

4.90 

4.90 

5.00 

4.60 

4.90 

B 

4.60 

4.80 

4.60 

4.20 

4.90 

4.62 

C 

6.50 

6.10 

4.20 

5.30 

5.10 

5.44 

D 

6.30 

6.40 

5.20 

6.70 

6.90 

6.30 

E 

6.60 

8.00 

4.20 

7.20 

7.30 

6.66 

F 

6.50 

6.10 

4.60 

5.70 

6.00 

5.78 

G 

4.00 

4.10 

4.50 

4.60 

5.30 

4.22 

H 

4.60 

4.10 

4.00 

5.00 

5.50 

4.64 

I 

5.90 

4.90 

4.30 

5.70 

5.30 

5.22 

J 

6.10 

5.30 

3.50 

4.30 

4.90 

4.82 

X 

X 

5.62 

5.47 

4.40 

5.37 

5.58 

5.29 

The  readings  on  days  4,  5,  6  and  7  were  analyzed  by  the  2-way  analysis  of 
variance  to  determine  if  significant  differences  existed  between  columns  and 
rows.  Since  the  inoculum  was  the  same  for  each  flask,  in  each  part  of  the  ex¬ 
periment,  differences  in  growth  should  be  due  to  some  environmental  varia¬ 
ble  (s)  within  the  chamber.  In  addition,  energy  readings  were  correlated  with 


ABSORBANCE  (745 


ANALYSIS  OF  ALGAL  GROWTH 


127 


the  growth  of  the  culture  at  that  location  within  the  chamber. 

RESULTS  AND  DISCUSSION 

Figures  1  and  2  show  the  daily  maximum  and  minimum  absorbance  read¬ 
ings  for  the  cultures.  On  day  7,  the  non-randomized  cultures  had  a  range  of 
1.2  x  106  coenobia/ml  while  the  randomized  cultures  showed  a  narrower 
range  of  5.2  x  10s  coenobia/ml.  Data  in  Table  2  show  that  for  the  non-ran¬ 
domized  part  of  the  study,  significant  differences  existed  among  rows  (A  —  J) 
but  not  among  columns  (1  —  5).  This  shows  a  growth  gradient  parallel  with 
the  fluorescent  tubes.  When  the  flasks  were  randomized  daily,  no  significant 
differences  were  observed  either  for  columns  or  rows. 


Figure  1.  Plot  of  minimum  and  maximum  absorbance  readings  for  non-randomized 
flasks  of  Scenedesmus  quadricauda. 

Energy  levels  within  the  chamber  varied  from  3.5  x  103  to  8.0  x  103  ergs/ 
cm2  /sec  with  a  mean  value  of  5.29  x  103  ergs/cm2  /sec  (Table  1).  The  energy 
level  at  each  position  in  the  chamber  was  correlated  with  the  daily  growth 
(absorbance)  of  the  culture  at  that  location;  these  correlations  were  signifi¬ 
cant  at  the  0.95  level.  A  much  higher  correlation  might  have  occurred  had  we 
measured  the  energy  useful  to  algae,  but  the  Kettering  YSI  probe  reads  ener- 
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gy  levels  from  280-2600  nm;  much  of  this  range  has  no  apparent  effect  on  the 
growth  of  algae.  Air  circulation  within  the  chamber  was  adequate  to  prevent 
any  significant  differences  in  temperatures. 


TIME  (DAYS) 


Figure  2.  Plot  of  minimum  and  maximum  absorbance  readings  for  randomized  flasks 
of  Scenedesmus  quadricauda. 

The  apparent  cause  of  the  differences  in  growth  was  the  light  gradient 
within  the  chamber.  Flasks  located  at  the  ends  of  the  chamber  received  less 
energy  than  those  toward  the  center.  There  are  several  possible  explana¬ 
tions  for  the  variation  in  energy  level.  New  fluorescent  tubes  do  not  always 
have  the  same  light  output  nor  does  their  output  vary  in  proportion  to  age. 
Hot  spots  may  occur  within  a  tube  due  to  uneven  coating  or  even  dust  ac¬ 
cumulation  on  the  tube.  However,  based  on  our  data,  it  is  evident  that  each 
growth  chamber  should  be  checked  for  uniformity  of  conditions  such  as  light 
and  temperature  before  using  in  experiments  because,  at  low  intensities, 
growth  is  proportional  to  light. 

A  daily  randomization  of  flasks,  using  a  table  of  random  numbers,  was 
sufficient  to  compensate  for  the  differences  in  light.  The  installation  of  a 
diffuser  screen  between  the  source  of  illumination  and  the  cultures,  depend¬ 
ing  on  the  chamber,  might  refract  enough  light  to  offset  the  energy  gradient. 
Each  chamber  would  have  to  be  adjusted  to  compensate  for  the  energy  loss 
due  to  the  diffuser  screen. 
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THE  FLOWERING  PLANTS  OF  MUSTANG  ISLAND,  TEXAS- 
AN  ANNOTATED  CHECKLIST 


TERRY  S.  GILLESPIE1 

The  University  of  Texas  at  Austin  Institute  of  Marine  Science , 

Port  Aransas,  Texas 

ABSTRACT 

The  flowering  plants  of  Mustang  Island,  Texas,  were  collected  and  identified  by  the 
author.  Specimens  in  the  herbarium  of  the  University  of  Texas  at  Austin  from  Mustang 
Island  were  consulted  and  included  where  no  collection  was  made  by  the  author.  Habitat 
areas  and  representative  types  are  described  and  an  annotated  checklist  follows. 

Mustang  Island,  Nueces  County,  Texas,  is  situated  northeast  of  Corpus 
Christi,  Texas.  (Fig.  1).  It  is  a  Pleistocene  barrier  island,  almost  entirely  made 
up  of  fine  quartz  eolian  sand  which  in  places  forms  active  dunes  up  to  3  or  4 
meters  tall.  The  physiography  and  soils  and  sediments  have  been  described  in 
detail  by  Millings  and  Behrens  (1966).  Average  rainfall  is  between  25-30  in. 
annually,  and  the  average  frostfree  period  is  335  days  (Gould,  1962). 

The  purpose  of  this  paper  is  to  provide  a  check -list  of  those  flowering 
plant  species  found  on  Mustang  Island  in  1967-68,  as  well  as  those  collected 
from  the  island  up  to  that  time  which  were  in  the  herbarium  of  the  Universi¬ 
ty  of  Texas  at  Austin.  Mustang  Island  is  a  resort  area  with  many  thousands  of 
guests  annually.  Many  persons  have  moved  onto  the  island  since  this  study 
and  the  amount  of  disturbance  has  increased.  Some  collecting  sites  existing  in 
1967-68  are  no  longer  accessible  due  to  construction  of  new  homes  and 
roads.  Hurricane  Celia  in  1970  forced  salt  water  into  low-lying  areas  on  the 
northeast  end  of  the  island  not  made  saline  for  many  years  and  also  reshaped 
the  far  south  end  of  the  island  with  a  new  pass  to  the  Gulf.  Typha  sp.  and 
Avicennia  germinans  (L.)  L.  are  now  found  on  the  island.  152  species  were 
found  by  1968,  not  including  the  ornamental  plantings.  With  the  growth  of 
the  Institute  of  Marine  Science  of  the  University  of  Texas,  many  more  stu¬ 
dents  may  be  expected  to  take  an  interest  in  the  flowering  plants  of  this  is¬ 
land  and  their  contribution  to  the  ecology  of  the  island. 

Habitat  areas  on  the  island  include:  foredunes  and  beaches,  dunes,  grass¬ 
lands,  salt  flats,  dry  disturbed  habitats  such  as  lawns,  roadsides,  and  wet  dis- 

1  Present  address:  Dept,  of  Biological  Sciences,  University  of  Illinois  at  Chicago  Circle, 
Box  4348,  Chicago  60680. 

The  Texas  Journal  of  Science,  Vol.  XXVII,  No.  1,  March,  1976. 
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turbed  areas  such  as  ditches. 

The  foredunes  and  beaches  comprise  the  entire  eastern  edge  of  the  island. 
This  region  is  characterized  by  low  dunes  of  2-3  dm.  and  frequent  disturbance 
by  high  tides  in  winter.  The  usual  foredunes  plants  are  Ipomoea  sinuata,  I. 
Pes-caprae  var.  emarginata,  and  Croton  punctatus.  These  plants  have  many 
branches  and  hold  the  sand.  They  frequently  grow  toward  the  beach  where 
they  are  covered  by  blowing  sand  or  salt  water  or  injured  by  automobile  traf¬ 
fic. 

The  dunes  area  covers  about  20%  of  the  island  and  forms  a  barrier  along 
the  Gulf  side.  These  dunes  are  stabilized  as  long  as  the  plant  cover  stays  in¬ 
tact.  A  greater  variety  of  plants  occurs  on  the  dunes  than  the  foredunes  due 
to  the  greater  variety  of  microhabitats.  The  most  prominent  species  are  Unio- 
la  paniculata,  Machaeranthera  phyllocephala,  Spartina  patens ,  and  Helianthus 
argophyllus. 

Behind  the  dunes  and  covering  about  50%  of  the  island  is  grassland.  It  is 
no  longer  grazed  due  to  housing  developments;  however,  it  has  in  the  past 
been  used  for  cattle.  Spartina  spartinae,  Opuntia  Lindheimeri,  Monantho- 
chloe  littoralis  and  Cynodon  Dactylon  are  the  primary  plants  found  here. 
Poorly  drained  areas  of  this  grassland  and  the  west  side  facing  the  bay  is  salt 
marsh  or  salt  flat.  A  great  variety  of  plants  are  found  here,  but  none  seems  to 
be  prominent.  Heliotropium  curassavicum  var.  curassavicum,  Salicomia 
Bigelovii,  Suaeda  linearis ,  Limonium  Nashii,  and  Samolus  ebracteatus  can  be 
found  in  these  low  places. 

Dry  disturbed  habitats  such  as  lawns  and  yards  of  Port  Aransas  are  char¬ 
acterized  by  plants  which  tolerate  occasional  cutting  or  burning.  Vacant  lots 
are  frequently  covered  in  late  summer  by  Gaillardia  pulchella,  Ratibida 
peduncularis,  and  Phlox  glabriflora  subsp.  littoralis.  Cenchrus  incertus  and 
Stenotaphrum  secundatum  form  most  of  the  lawns  of  the  island. 

Roads  and  city  streets  on  Mustang  Island  have  no  curbs,  and  the  roadside 
is  usually  sand  or  sand  and  shell.  Phyla  incisa  forms  large  mats  along  the 
sides  of  the  island  highway .  Rhynchosia  americana,  Sida  Lindheimeri,  Stemo- 
dia  tomentosa,  and  Tribulus  terrestris  have  a  trailing  habit  which  enables 
them  to  survive  treading  and  compression.  These  typically  ruderal  species  are 
also  found  in  driveways. 

The  numerous  fresh-water  ditches  which  carry  away  rainwater  in  Port 
Aransas  contain  thick  growths  of  Hydrocotyl  bonariensis  all  year.  These  areas 
which  are  wet  during  high  rainfall  periods  are  likely  to  be  mowed  during  dry 
periods,  especially  along  the  island  highway.  Dichromena  colorata,  Scirpus 
americanus  var.  longispicatus,  and  other  sedges  are  common  where  fresh 
water  collects  and  occasional  disturbance  occurs. 

Where  a  species  was  found  in  the  herbarium  but  not  by  this  investigator 
that  specimen  is  cited.  All  specimens  cited  in  this  study  have  been  accessioned 
by  the  University  of  Texas  at  Austin.  The  authority  used  for  names  was 
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Figure  1.  Map  of  Mustang  Island,  Texas,  showing  principle  collection  sites. 
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Manual  of  Vascular  Plants  of  Texas  by  D.  S.  Correll  and  M.  C.  Johnston.  Iden¬ 
tifications  were  made  by  the  author.  Families  are  listed  in  alphabetical  se¬ 
quence.  Flowering  dates  are  included. 

ANOTATED  CHECKLIST 

Acanthaceae 

Carlowrightia  parvi flora  (Buckl.)  Wasshausen. 

G.  W.  Goldsmith,  April  21,  1936,  Port  Aransas.  Feb  .-June. 

Aizoaceae 

Mollugo  verticillata  L.  Green  carpe tweed. 

Garden,  sandy  soil,  east  side  of  Port  Aransas.  Throughout  year. 

Sesuvium  portulacastrum  L.  Purslane  sesuvium. 

Salt  flat,  airport.  Throughout  year. 

Amaranthaceae 

Amaranthus  palmeri  Wats.  Palmer  amaranth. 

Dunes,  Horace  Caldwell  Pier.  Summer-fall. 

Froelichia  floridana  (Nutt.)  Moq.  Florida  snakecotton. 

Dry  sand,  cemetery,  Port  Aransas.  May-Nov. 

Philoxerus  vermicularis  (L.)  R.  Br.  Silverhead. 

Damp  sand,  ferry  landing.  Summer-fall. 

Tidestromia  lanuginosa  (Nutt.)  Standi.,  var.  lanuginosa.  Wooly  tidestromia. 
Dunes,  third  access  road;  salt  flat,  airport.  March-Oct. 

Amaryllidaceae 

Cooperia  drummondii  Herb.  Rainlily. 

Salt  marsh  west  of  Presbyterian  Church,  Port  Aransas.  Frequent  through¬ 
out  town  after  heavy  rains.  Spring-summer-fall. 

Asclepiadaceae 

Asclepias  oenotheroides  Cham,  and  Schlect.  Milkweed. 

Dry  sand,  cemetery;  ditch,  third  access  road;  near  county  park,  northeast 
side  of  Port  Aransas,  yard,  dry  sand.  Throughout  year. 

Batidaceae 

Batis  maritima  L.  Saltwort. 

Damp  sand  near  channel,  one  mile  south  of  ferry  landing.  June-Aug. 
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Boraginaecae 

Heliotropium  convolvulaceum  (Nutt.)  Gray.  Bindweed  heliotrope. 

Dry  sand,  lawn,  Institute  of  Marine  Science.  June-Oct. 

Heliotropium  curassavicum  L.,  var.  curassavicum.  Salt  heliotrope. 

Salt  marsh,  west  of  Presbyterian  Church;  damp  sand,  far  south  end  of  is¬ 
land;  sand  and  shells  of  lawn,  Institute  of  Marine  Science.  Most  of  year. 

Capparidaceae 

Polansia  dodecandra  (L.)  DC.  Roughseed  clammy  weed. 

Damp  sand,  third  access  road.  March-November. 

Cactaceae 

Opuntia  lindheimeri  Englem.  Texas  prickly  pear. 

Grazed  pasture,  in  sand,  Shamrock  Bay.  July. 

Campanulaceae 

Triodanis  holzingeri  McVaugh.  Venuslookingglass. 

Dry  sand,  yard,  Port  Aransas.  April-July. 

Caryophyllaceae 

Silene  antirrhina  L.  Sleepy  catchfly. 

Damp  sand,  one  mile  south  of  ferry  landing.  March-Sept. 

Stellaria prostrata  Baldw.  Prostrate  chickweed. 

Damp  sand,  one  mile  south  of  ferry  landing.  March-Sept. 

Chenopodiaceae 

A  triplex  pentandra  (Jacq.)  Standi.  Saltbush. 

Salt  marsh,  west  of  Presbyterian  Church  one  block.  July, 

A  triplex  semibaccata  R.  Br.  Australian  saltbush. 

Dunes,  third  access  road.  Sept. 

Chenopodium  incanum  (Wats.)  Heller.  Mealy  goosefoot. 

Sand  along  ditch,  one -half  mile  south  of  ferry  landing.  May- Aug. 

1 'Salicornia  bigelovii  Torr.  Bigelow  glasswort. 

Salt  flat,  dump;  sand  dunes,  Horace  Caldwell  Pier.  Aug.-Nov. 

Suaeda  linearis  (Ell.)  Moq.  Annual  seepweed. 

Damp  sand  along  road,  far  south  end  of  island;  salt  flat  near  airport.  Aug.- 
Oct. 


Commelinaceae 
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Commelina  erecta  L.,  var.  angustifolia  (Michx.)  Fern,  Erect  day  flower. 

Sandy  soil  of  yard,  Port  Aransas.  May-Oct. 

Tradescantia  humilis  Rose.  Texas  spiderwort. 

Dunes,  edge  of  town  near  beach.  March-June. 

Compositae 

Ambrosia  psilostachya  DC.  Western  ragweed. 

Ditch  along  side  of  island  highway,  damp  sand;  ditch  next  to  third  access 
road.  Late  summer-fall. 

Aphanostephus  skirrobasis  (DC.)  Trel.,  var.  thalassius  Shinners.  Coast  doze- 
daisy. 

Salt  flat  near  airport,  sand  and  gravel,  roadside,  2  miles  south  of  Port  Aran¬ 
sas  on  island  highway.  July -Dec. 

Borrichia  frutescens  (L.)  DC.  Bushy  sea-oxeye. 

Salt  marsh,  airport,  Nearly  all  year. 

Cirsium  horridulum  Michx.  Yellow  thistle. 

Sandy  soil,  cemetery.  March-July. 

Erigeron  myrionactis  Small.  Corpus  Christi  fleabane. 

Sand  and  gravel,  corner  island  highway  and  Horace  Caldwell  Pier  road,  is¬ 
land  highway  Vz  mile  south  of  city  limits.  Spring-fall. 

Eupatorium  betonicifolium  Mill.  Betony-leaf  eupatorium. 

Damp  sand,  ditch  third  access  road.  September. 

Evax  vema  Raf. 

Sandy  soil,  yard,  northeast  side  of  Port  Aransas.  Spring. 

Flaveria  oppositifolia  (DC.)  Rydb.  Longleaf  flaveria. 

Wet  sand  in  ditch,  one  mile  south  of  ferry  landing;  ditch,  one  mile  south  of 
city  limits.  Late  summer-fall. 

Gaillardia  pulchella  Foug.  Indian  blanket. 

Lawn,  Institute  of  Marine  Science ;  grazed  flats,  Shamrock  Bay.  Spring. 

Helianthus  argophyllus  Torr.  and  Gray.  Silver-leaf  sunflower. 

Sandy  ditch,  island  highway  near  city  limits.  Common  on  dunes  and  va¬ 
cant  lots  on  island.  Late  summer-fall. 

Heterotheca  subaxillaris  (Lam.)  Britt,  and  Rusby.  Camphor  weed. 

Sandy  soil,  vacant  lot,  Port  Aransas;  sand,  cemetery.  Spring-fall. 

Iva  angustifolia  DC.  Narrowleaf  sumpweed. 

Ditch,  one  mile  south  of  ferry  landing.  Late  summer-fall. 

Iva  imbricata  Walt.  Sumpweed. 

Fred  B.  Jones,  6220,  1964.  6  miles  north  of  county  park  on  open  beach. 
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(Probably  between  access  road  no.  1  and  no.  2).  Aug. 

Machaeranthera  phyllocephala  (DC.)  Shinners.  Camphor  daisy. 

Grazed  salt  flats,  Shamrock  Bay;  dunes,  third  access  road.  Spring-fall. 

Palafoxia  texana  DC.,  var.  ambigua  (Shinners).  B.  L.  Turner. 

Sandy  soil,  ditch,  Horace  Caldwell  Pier  road,  Port  Aransas.  May-Nov. 

Pluchea  purpurescens  (Sw.)  DC.  Purple  pluchea. 

R.  J.  Kemp,  12,  August  1, 1949.  3  miles  west  of  Port  Aransas  on  salt  flats. 
Summer-fall. 

Ratibida  peduncularis  (T.  &  G.)  Barnh.  Naked  prairie-coneflower. 

Sand,  northeast  side  of  Port  Aransas,  in  yard  near  county  park.  Spring- 
summer-fall. 

Rudbekia  hirta  L.,  var .pulcherrima  Farw.  Brown-eyed  Susan. 

Sand,  cemetery;  near  ditch  in  sand,  ball  park,  Port  Aransas.  March. 

Sonchus  oleraceus  L.  Common  sowthistle. 

Dry  sand,  parking  lot,  Institute  of  Marine  Science.  Very  common  weed  on 
island.  Spring,  most  of  year. 

Tetragono theca  repanda  (Buckl.)  Small.  Showy  nerveray. 

Sandy  soil,  cemetery.  Summer-fall. 

Thelesperma  filifolium  (Hook.)  Gray,  var .filifolium.  Green-thread. 

Sandy  soil,  cemetery.  Late  spring-early  summer. 

Verbesina  encelioides  (Cav.)  Gray.  Cowpen  daisy. 

Sandy  soil,  vacant  lot  north  of  Episcopal  Church,  Port  Aransas.  Summer. 

Xanthium  strumarium  L.  Cocklebur. 

Ditch  along  ball  park,  Port  Aransas.  Summer-fall. 

Xanthocephalum  dracunculoides  (DC.)  Shinners.  Common  broomweed. 

Sand,  near  ditch,  one  mile  south  of  ferry  landing.  Summer-fall. 

Convolvulaceae 

Ipomoea  pes-caprae  (L.)  Sweet,  var.  emarginata  Hallier  f.  Railroad  vine. 

Foredunes,  dry  sand,  Horace  Caldwell  Pier;  third  access  road,  dunes.  Very 
common  plant  on  foredunes.  June-Nov. 

Ipomoea  sinuata  Ort.  Alamo  vine. 

Dunes,  first  access  road,  ditch,  along  road,  Episcopal  Church,  Port  Aransas. 
May-Nov. 

Ipomoea  stolonifera  (Cyr.)  Gmel.  Beach  morningglory. 

Dunes,  dry  sand,  Horace  Caldwell  Pier;  dunes,  third  access  road.  April-Nov. 

Ipomea  trichocarpa  Ell. 

Sand,  cemetery.  June-Oct. 
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Cruciferae 

Cakile  fusiformis  Greene.  American  searocket. 

Beach  sand  on  vacant  lot,  Port  Aransas.  July. 

Lepidium  virginicum  L.  Virginia  peppergrass. 

Near  ditch  at  ball  park,  Port  Aransas,  damp  sand;  sand,  Institute  of  Marine 
Science.  March. 

Lesquerella  grandiflora  (Hook.)  Wats.  Bigflower  bladderpod. 

Lawn,  sand,  Institute  of  Marine  Science.  March- April. 

Cyperaceae 

Cyperus  globulosus  Aublet.  Baldwin  flatsedge. 

l/i  mile  west  of  Presbyterian  Church,  Port  Aransas,  salt  marsh.  Summer-fall. 

Cyperus  surinamensis  Rottb . 

Dry,  sandy  soil,  tennis  courts,  grade  school,  Port  Aransas,  July-Nov. 

Dichromena  colorata  (L.)  Hitchc.  White-topped  umbrella  sedge. 

Ditch  next  to  road,  third  access  road.  Spring-summer. 

Eleocharis  montendensis  Kunth.  Spikerush. 

Sandy  soil  near  channel,  Gas  Company,  Port  Aransas.  Spring-summer. 

Scirpus  americanus  Pers.,  var.  longispicatus  Britt .  Sword-grass. 

Ditch  in  sandy  soil,  one  mile  south  of  ferry  landing.  Spring-summer. 

Euphorbiaceae 

Cnidoscolus  texana  (Muell.Arg.)  Small.  Mala  mujer. 

Sandy  soil,  cemetery,  Port  Aransas.  May -Nov. 

Croton  capitatus  Michx.,  var.  lindheimeri  (Englem.  &  Gray)  Muell.Arg.  Wool¬ 
ly  croton. 

Dune,  third  access  road;  dunes,  county  park.  Summer-fall. 

Croton  glandulosus  L.,  var.  pubentissimus  Croizat.  Bristly  croton. 

Sand,  yard,  northeast  side  of  Port  Aransas  near  county  park;  cemetery, 
sandy  soil;  tennis  courts  near  grade  school,  dry  sandy  soil.  Spring-fall. 

Croton  parksii  Croizat.  Parks  croton. 

Dunes,  third  access  road.  Summer-fall. 

Croton  punctatus  Jacq.  Gulf  croton. 

Beach  sand  on  vacant  lot,  Port  Aransas;  dunes,  third  access  road.  Nearly 
all  year. 

Euphorbia  ammannioides  H.B.K.  Ingalls  euphorbia. 

Sand,  third  access  road;  damp  sand  at  far  south  end  of  island.  Spring-fall. 

Euphorbia  innocua  Wheeler. 

Dry  sand  in  lawn.  Institute  of  Marine  Science.  Late  summer-Dec.  (spring). 
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Euphorbia  maculata  L.  Spotted  euphorbia. 

Lawn,  Institute  of  Marine  Science,  sand;  island  highway  shoulder,  near  city 
limits,  sand  and  gravel.  Summer-fall. 

Phyllanthus  abnormis  Baill.,  var .abnormis.  Drummond  leafflower. 

Sandy  soil  in  yard,  Port  Aransas;  corner  Avenue  B  and  10th  streets,  sandy 
soil,  cemetery,  dry  sand.  April-October. 

Ricinus  communis  L.  Castor  bean. 

Sandy  soil  in  yard,  Port  Aransas.  Very  common  in  yards  in  town.  All  year. 

Fumariaceae 

Corydalis  micrantha  (Englem.)  Gray,  var.  australis  (Chapm.)  Shinners. 

Sandy  soil,  lawn,  Port  Aransas.  Feb. -April. 

Gentianaceae 

Eustoma  exaltatum  (L.)  G.  Don.  Catchfly-gentian. 

Dunes,  third  access  road;  sand,  far  south  end  of  island.  June-Oct. 

Sabatia  arenicola  Greenm.  Rose -gentian. 

Dunes,  third  access  road;  marshy  area  near  airport.  April-July. 

Sabatia  campestris  Nutt.  Rose-gentian. 

Salt  marsh  near  city  dump,  sandy  soil.  April-July. 

Gramineae 

Andropogon  glomeratus  (Walt.)  B.S.P.  Bushy  bluestem. 

One  mile  south  of  ferry  landing  in  roadside  ditch,  damp  sand.  Oct. 

Bothriochloa  saccharoides  (Sw.)  Rydb.,  var.  torreyana  (Steud.)  Gould.  Silver 
bluestem. 

Two  miles  south  of  ferry  landing,  along  ditch,  damp  sand.  Oct. 

Cenchrus  ciliaris  L.  Sandbur. 

Sand,  roadside  lA  mile  south  of  ferry  landing.  Spring-fall. 

Cenchrus  incertus  M.  A.  Curtis.  Coast  sandbur. 

Gravel  along  shoulder  of  island  highway;  far  south  end  of  island ;  vacant  lot 
in  beach  sand,  Port  Aransas.  Spring-fall. 

Chloris  cucullata  Bisch.  Hooded  windmillgrass. 

Sand  and  gravel  along  roadside,  island  highway,  A  mile  south  of  Port  Aran¬ 
sas;  one  block  west  of  Presbyterian  Church,  Port  Aransas,  salt  marsh. 
Spring-fall. 

Chloris  petraea  Sw.  Stiffleaf  chloris. 

Sand  and  gravel  along  roadside,  third  access  road;  along  street  in  Port 
Aransas,  sand.  Spring-fall. 
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Cynodon  dactylon  (L.)  Pers.  Bermuda  grass. 

Harry  Hildebrand,  no.  87,  October  31,  1954;  loose  sand,  Port  Aransas. 
Nearly  all  year. 

Dactyloctenium  aegyptium  (L.)  Beauv.  Egyptian  crowfootgrass. 

Barton  H.  Warnock,  no.  21450,  November  29, 1940,  Mustang  Island.  Sum¬ 
mer-fall. 

Eragrostis  oxylepis  (Torr.)  Torr.  Red  lovegrass. 

Sandy  soil  in  ditch  along  roadside,  airport.  Spring-fall. 

Hordeum  pusillum  Nutt.  Little  harley. 

Wet,  sandy  soil  in  salt  marsh  near  channel,  2  miles  south  of  ferry  landing, 
growing  with  Spartina  ssp.  Spring. 

Leptoloma  cognatum  (Schult.)  Chase.  Fall  witchgrass. 

Sand,  roadside  near  Episcopal  Church,  Port  Aransas.  Fall-winter-early 
spring. 

Monanthochloe  littoralis  Englem.  Shoregrass. 

Salt  flats  in  damp  sand,  Shamrock  Bay.  Very  common.  Spring. 

Panicum  angustifolium  Ell.  Narrow -leaf  panicum. 

Fred  B.  Jones,  no.  4198,  August  15,  1960,  about  3  miles  north  of  Gulf 
Beach  Park  in  sandy  low  grounds.  (Probably  near  third  access  road). 
Spring-fall. 

Panicum  geminatum  Forsk.  Egyptian  panicum. 

J.  F.  Normand,  no.  15793,  April  22,  1918,  Mustang  Island.  Summer-fall. 

Panicum  portoricense  Hamilt. 

Salt  flat,  Shamrock  Bay,  in  sand.  Spring-fall. 

Paspalum  monostachyum  Vasey.  Gulfdune  paspalum. 

Northeast  Port  Aransas  near  county  park,  seldom-mowed  area.  Summer- 
fall. 

Paspalum  setaceum  Michx.  Thin  paspalum. 

Damp  sand,  far  south  end  of  island;  lawn,  Institute  of  Marine  Science,  dry 
sand.  Spring-fall. 

Poa  annua  L.  Annual  bluegrass. 

Sandy  soil,  vacant  lot,  Port  Aransas.  Spring. 

Schizachyrium  scoparium  (Michx.)  Nash.,  var.  littoralis  (Nash.)  Gould.  Sea- 
coast  bluestem. 

Barton  H.  Warnock,  21447,  November  29,  1940,  on  Mustang  Island.  Road 
south  of  ferry  landing,  along  ditch  in  sand.  Very  late  summer  and  fall. 

Sorghum  halepense  (L.)  Pers.  Johnson-grass. 

Damp  sand  near  ditch,  2  miles  south  of  city  limits  on  island  highway  ;  road 
south  of  ferry  landing  one  mile,  in  damp  sand  along  ditch.  Oct  .-Dec. 
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Spartina  patens  (Ait.)  Muhl.  Marshhay  cordgrass. 

Dunes,  second  access  road.  Summer-fall. 

Spartina  spartinae  (Trin.)  Hitch.  Gulf  cordgrass. 

Salt  marsh,  airport,  damp  sand.  Spring-summer,  rarely  fall. 

Sporobolus  virginicus  (L.)  Kunth.  Seashore  dropseed. 

City  dump,  Port  Aransas,  salt  flat;  sand  and  gravel  along  roadside,  third 
access  road.  Summer-fall. 

Stenotaphrum  secundatum  (Walt.)  0.  Ktze.  St.  Augustine  grass. 

Vacant  lot  in  dry  sandy  soil,  Port  Aransas.  Summer-fall. 

Uniola  paniculata  L.  Sea-oats. 

Sand  dunes,  Horace  Caldwell  Pier,  third  access  road,  dunes.  July- Aug. 

\ 

Guttiferae 

Hypericum  paucifolium  H.B.K.  Few-flower  St.  Johnswort. 

Cemetery,  Port  Aransas,  sandy  soil.  March-Oct. 

Hydrophyllaceae 

Phacelia  hirsuta  Nutt.  Hairy  phacelia. 

Institute  of  Marine  Science,  lawn,  in  sand.  March-May. 

Iridaceae 

Sisyrinchium  sagittiferum  Bickn.  Spear-bract  blue-eyegrass. 

Ball  park,  Port  Aransas,  in  sandy  soil,  damp  sand,  road  south  of  ferry  land¬ 
ing  one  mile,  in  ditch.  March-April. 

Labiatae 

Brazoria  scutellarioides  Eng.  and  Gray.  Prairie  brazoria. 

Vacant  lot,  Port  Aransas,  dry  sandy  soil.  March-May. 

Lamium  amplexicaule  L.  Henbit. 

Sandy  soil,  yard,  northeast  side  of  town.  Throughout  year. 

Monarda  citriodora  Cerv.  Lemon  bee-balm. 

Ditch,  Episcopal  Church,  damp  sand;  2  miles  south  of  ferry  landing,  damp 
sand  near  channel.  April-Oct. 

Leguminosae 

Acacia  farnesiana  (L.)  Willd.  Huisache. 

Grazed  salt  flat,  Shamrock  Bay;  damp  sandy  soil,  2  miles  south  of  ferry 
landing.  Spring. 

Astragalus  leptocarpus  T.  &  G.  Slimpod  milkvetch. 
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Lawn,  Institute  of  Marine  Science,  sandy  soil  beneath  Tamarix  gallica.  L. 
Spring. 

Cassia  fasciculata  var.  ferrisiae  (Br.)  B.  L.  Turner.  Prairie  senna. 

Sand  and  gravel  along  side  third  access  road.  September. 

( 

Cassia  occidentalis  L.  Coffee  senna. 

Ditch  along  Horace  Caldwell  Pier  road,  sandy  soil.  Aug  .-Nov. 

Centrosema  virginianum  (L.)  Benth.  Butterfly  pea. 

One-fourth  mile  south  of  ferry  landing  in  sandy  soil  and  gravel.  March- 
Nov. 

Dalea  emarginata  (T.  &  G.)  Shinners. 

Along  road  to  dump,  sandy  soil,  Port  Aransas*  near  drugstore  on  roadside, 
sand  and  gravel;  Vi  mile  south  of  city  limits  on  sand  and  gravel.  March-Dec. 

Erythrina  herbacea  L.  Coral  bean. 

Northeast  side  of  Port  Aransas  in  yard,  sandy  soil.  April-June. 

Galactia  canescens  Benth.  Hoary  milkpea. 

Lawn,  Institute  of  Marine  Science,  in  sand  near  parking  lot;  cemetery,  Port 
Aransas,  growing  in  sand  and  gravel  along  edge  of  road.  April-July. 

Indigofera  miniata  Ort.,  var.  leptosepala  (Nutt.)  B.  L.  Turner 

Lawn,  Institute  of  Marine  Science,  sand  soil;  sand  along  side  of  road,  first 
access  road.  July. 

Indigofera  suffruticosa  Mill.  Indigo. 

Horace  Caldwell  Pier  road,  ditch  corner  of  Station  St.,  sand.  August. 

Leucaena  leucocephala  (Lam.)  de  Wit.  Popinac. 

Sandy  soil  in  yard  near  county  park;  Island  Food  Store,  sandy  soil,  cultiva¬ 
ted.  May-June. 

Medicago  minima  (L.)  L.  Small  bur-clover. 

Port  Aransas,  in  town  near  channel,  sandy  soil.  Spring. 

Melilotus  indicus  (L.)  All.  Annual  yellow  sweetclover. 

Port  Aransas,  in  town  near  channel,  sandy  soil.  Spring. 

Mimosa  strigillosa  T.  &  G.  Powderpuff. 

Port  Aransas,  vacant  lot,  sandy  soil.  May -Oct. 

Neptunia  pubescens  Benth.,  var.  pubescens.  Tropical  neptunia. 

Cemetery,  sandy  soil,  uncut  area.  May -Oct. 

Parkinsonia  aculeata  L.  Retama. 

Yard,  northeast  side  of  Port  Aransas  near  county  park,  sandy  soil.  Spring- 
fall. 

Prosopis  glandulosa  Torr.,  var.  glandulosa.  Honey  mesquite. 

Roadside,  sandy  soil,  dump,  Port  Aransas.  August. 
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Psoralea  rhombi folia  T.  &  G.  Roundleaf  scurfpea. 

Lawn,  Institute  of  Marine  Science,  edge  of  sidewalk,  sand.  March- July. 

Rhynchosia  americana  (Mill.)  C.  Metz.  American  snoutbean. 

Cemetery,  Port  Aransas,  poor  soil;  gravel  alongside  of  island  highway,  lA 
mile  south  of  city  limits.  March-Oct. 

Rhynchosia  minima  (L.)  DC.,  var.  diminifolia  Walronen.  Least  snoutbean. 

One  mile  south  of  ferry  landing,  near  channel  in  damp  sand.  Oct. 

Sesbania  macrocarpa  Muhl.  Coffee  bean. 

North  side  of  cemetery  in  water-filled  ditch,  sandy  soil.  Aug  .-Oct. 

Sophora  foment osa  L.  Yellow  sophora. 

Road  south  of  ferry  landing  about  2  miles,  damp  sandy  soil;  Nueces  Coun¬ 
ty  Park  road  between  Institute  of  Marine  Science  and  Horace  Caldwell 
Pier.  March-October.  Frequent. 

Strophostyles  helvola  (L.)  Ell.  Trailing  wildbean. 

Far  south  end  of  island,  growing  in  gravel  alongside  of  island  highway. 
June-Sept. 

Stylosanthes  viscosa  Sw.  Pencil-flower. 

Sandy  soil,  cemetery,  Port  Aransas;  first  access  road,  gravel  alongside  of 
road.  May-Sept. 

Vida  ludoviciana  Nutt.  Vetch. 

Port  Aransas,  sandy  soil  near  channel.  March. 

Zornia  bracteata  J.  F.  Gmel.  Bracted  zornia. 

One-fourth  mile  south  of  ferry  landing,  sandy  soil  along  ditch.  June-Sept. 

Sept. 


Linaceae 

Linum  alatum  (Small)  Winkler.  Flax. 

Salt  flat,  Shamrock  Bay,  damp  sand.  March-July. 

Linum  rigidum  Pursh.,  var.  berlandieri  (Hook.)  T.  &  G.  Stiffstem  flax. 

Two  miles  south  of  ferry  landing  in  grassy  field  near  channel.  May-Sept. 

Loganiaceae 

Polypremum  procumbens  L. 

Damp  sand,  Shamrock  Bay;  Vi  mile  south  of  city  limits  on  island  highway, 
sand  and  gravel;  road  south  of  ferry  landing,  sand.  April-Nov. 

Malvaceae 

Callirhoe  involucrata  (Torr.)  Gray.  Poppymallow. 

Vacant  lot,  Port  Aransas,  near  channel  in  sand.  March. 
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Sida  lindheimeri  Engelm.  and  Gray.  Showy  sida. 

Vacant  lot  in  sandy  soil,  Port  Aransas;  xfi  mile  south  of  city  limits,  Port 
Aransas,  island  highway,  in  low  area  in  sand  and  gravel.  April-Oct. 

Spheralcea  lindheimeri  Gray.  Wooly  globemallow. 

Dry,  sandy  soil  northeast  side  of  town  near  county  park;  vacant  lot  in  Port 
Aransas,  sandy  soil.  Feb. -June. 

Meliaceae 

Melia  azedarach  L.  China-berry. 

Yard,  Port  Aransas,  sandy  soil.  March-May. 

Nyctaginaceae 

Boerhavia  coccinea  Mill.  Scarlet  spiderling. 

Cemetery,  Port  Aransas;  dry,  sandy  soil.  July. 

Onagraceae 

Gaura  odorata  Lag.  Sweet  Gaura. 

One-half  mile  south  of  ferry  landing  near  channel.  Feb. -Nov. 

Oenothera  drummondii  Hook.  Beach  eveningprimrose. 

One-half  mile  south  of  ferry  landing  in  damp  sand;  far  south  end  of  island 
in  damp  sand.  March-Nov. 

Oenothera  laciniata  Hill.  Cutleaf  eveningprimrose. 

Salt  flat  between  airport  and  dump,  Port  Aransas;  Vi  mile  south  of  Port 
Aransas  in  sand  and  gravel  along  island  highway.  March-Nov. 

Oenothera  speciosa  Nutt.  Showy  eveningprimrose. 

Sand  and  gravel  of  roadside,  island  highway  2  miles  south  of  Port  Aransas. 
April-July. 

Oxalidaceae 

Oxalis  dillenii  Jacq.  Woodsorrel. 

Cemetery,  Port  Aransas,  sandy  soil;  vacant  lot,  sandy  soil,  Port  Aransas. 
Feb  .-May. 

Oxalis  drummondii  Gray.  Drummond  oxalis. 

Two  miles  south  of  ferry  landing  alongside  of  island  highway  in  damp 
sand.  Oct. 


Papaveraceae 

Argemone  albi flora  Hornem.,  subsp.  texana  G.  Ownbey.  White  pricklypoppy. 
Sandy  soil,  cemetery,  Port  Aransas.  March-June. 
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Plantaginaceae 

Plantago  hookeriana  Fisch.  &  Mey.  Tallowweed. 

Cemetery,  Port  Aransas,  sandy  soil.  March-June. 

Plantago  virginica  L.  Paleseed  plantain. 

Cemetery,  Port  Aransas,  sandy  soil;  one  mile  south  of  ferry  landing  near 
channel,  damp  sand.  March-June. 

Plumb  aginaceae 

Limonium  nashii  Small.  Sea  lavendar. 

Salt  flat  near  airport-  third  access  road  to  Gulf,  in  ditch  in  damp  sand. 
June-Nov. 

Plumbago  scandens  L.  Leadwort. 

Cultivated  plant,  Catholic  Church,  Port  Aransas.  March-April.  Collected 
in  flower  in  August. 


Polemoniaceae 

Phlox  glabriflora  (Brand)  Whiteh.,  subsp.  littoralis  (Cory)  Wherry.  Rio  Grande 
Phlox. 

Sandy  soil,  cemetery,  Port  Aransas.  March. 

Polygonaceae 

Eriogonum  multiflorum  Benth.  Heartsepal  wildbuckwheat. 

Sandy  soil  near  fence,  cemetery,  Port  Aransas.  (April)  Sept.-Nov. 

Portulacaceae 

Portulaca  mundala  I.  M.  Johnst.  Chisme. 

Along  street  in  Port  Aransas  in  sand  and  gravel;  vacant  lot,  Port  Aransas, 
sand.  Spring  to  fall.  Common  in  sandy  places  throughout  Port  Aransas. 

Portulaca  oleracea  L.  Common  purslane. 

Sandy  soil,  northeast  side  of  Port  Aransas,  near  county  park.  May-Nov. 

Portulaca  umbraticola  H.B.K.  Wingpod  purslane. 

Sand  and  gravel  next  to  road,  northeast  side  of  Port  Aransas  near  county 
park.  March-Nov.  Growing  with  P.  oleracea  L. 

Primulaceae 

Samolus  ebracteatus  H.B.K.  Brookweed. 

Dunes,  third  access  road;  grazed  area,  damp  sand,  Shamrock  Bay.  July- 
Sept. 
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Rubiaceae 

Richardia  brasiliensis  Gomes.  Tropical  mexican clover. 

Vacant  lot,  sand  soil,  Port  Aransas.  May-Oct. 

Salicaceae 

Populus  deltoides  Marsh.  Cottonwood. 

North  of  Fred  Jones  drugstore,  Port  Aransas,  sandy  soil.  March-July. 
Staminate  catkins  collected  in  April. 

Scrophulariaceae 

Bacova  monnieri  (L.)  Wettst.  Coastal  waterhyssop. 

Dunes,  third  access  road.  April-Sept. 

Castelleja  indivisa  Engelm.  Texas  paintbrush. 

Corner  island  highway  and  Horace  Caldwell  Pier  road,  Port  Aransas,  sand. 
March  June. 

Linaria  texana  Scheele.  Texas  toadflax. 

Damp  sand,  ditch  along  island  highway,  5  miles  south  of  Port  Aransas. 
Feb  .-May. 

Maurandya  an tirrhini flora  Willd.  Snapdragon  vine. 

Salt  flat,  one  mile  south  of  ferry  landing  near  channel.  Feb  .-Oct. 

Stemodia  tomentosa  (Mill.)  Greenm.  &  Thomps.  Woolly  stemodia. 

First  access  road,  sand  along  side  of  road;  low  dunes,  third  access  road. 
April- August. 


Solanaceae 

Lycium  carolinianum  Walt.,  var.  quadrifidum  (Dun.)  C.  L.  Hitchc.  Wolfberry. 
Salt  flat,  one  block  west  of  Presbyterian  Church:  grazed  salt  flat,  Sham¬ 
rock  Bay.  Jan  .-Nov. 

Physalis  viscosa  L.,  var.  spa thulae folia  (Torr.)  Gray.  Groundcherry. 

One  block  south  of  cemetery,  sand  and  gravel  along  road;  sand,  one  block 
east  of  Fred  Jones  drugstore.  March-May,  throughout  year. 

Solanum  eleagnifolium  Cav.  Silverleaf  nightshade. 

Sandy  soil,  yard,  northeast  side  of  Port  Aransas  near  county  park.  March- 
Oct. 


Tamaricaceae 

Tamarix  gallica  L.  Saltcedar. 

Sandy  soil,  lawn,  Institute  of  Marine  Science.  Flowers  throughout  year. 
Common  yard  tree  on  island. 
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Umbelliferae 

Apium  leptophyllum  (Pers.)  F.  V.  Muell.  Celery. 

Sand,  in  ditch,  corner  island  highway  and  Horace  Caldwell  Pier  road. 
March-June. 

Centella  asiatica  (L.)  Urban. 

Godfrey  and  Reinert,  232220,  June  10,  1961,  Port  Aransas.  May-Sept. 

Daucus  pusillus  Michx.  Rattlesnake-weed. 

Sandy  soil,  one  block  west  of  Fred  Jones  drugstore.  April-May. 

Hydrocotyl  bonariensis  Lam.  Sombrerillo. 

Standing  water,  third  access  road,  sand.  May-Nov. 

Urticaceae 

Urtica  chamaedryoides  Pursh.  Heartleaf  nettle. 

Yard,  northeast  side  of  town,  sandv  soil.  Dec.-Jan. 

Verbenaceae 

Lantana  horrida  H.B.K.  Lantana. 

Yard,  sandy  soil,  northeast  side  of  town  near  county  park;  cemetery, 
sandy  soil.  July -August. 

Phyla  incisa  Small.  Texas  fog-fruit. 

Sand  and  gravel,  roadside,  5  miles  south  of  city  limits,  Port  Aransas;  edge 
of  street,  sand  and  gravel,  Port  Aransas.  March-Nov. 

Phvla  nodi  flora  (L.)  Greene.  Turkey-tangle. 

M.  C.  Johnston,  no.  121447,  June  9,  1953,  dunes,  Vi  way  down  island. 

Verbena  halei  Small.  Texas  vervain. 

Sand  and  gravel  along  island  highway,  Vi  mile  south  of  Port  Aransas.  Feb- 
Nov. 


Vitaceae 

Cissus  incisa  (Nutt.)  Des  Moulins.  Marine  vine. 

Beach  sand  orf  vacant  lot,  Port  Aransas.  May-Sept. 

Zygophyllaceae 

Tribulus  terrestris  L.  Goat  head. 

Lawn,  near  parking  lot,  Institute  of  Marine  Science;  sand  and  gravel  on 
roadside  near  Episcopal  Church,  Port  Aransas.  April-Nov. 
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II.  THE  CHELIDAE 


by  FLAVIUS  C.  KILLEBREW1 

Department  of  Biology,  West  Texas  State  University, 

Canyon  79016 

ABSTRACT 

Karyotypes  for  Batrachemys  nasuta,  Emydura  macquarii,  and  Phrynops  gibba  are 
presented.  Specimens  examined  had  the  same  diploid  number  (2N=50),  similar  percent¬ 
age  arm  lengths,  and  morphology.  Other  pleurodires  have  a  lower  diploid  number  (2N= 
26,  28,  or  34),  and  a  high  percentage  of  metacentric  chromosomes.  The  higher  diploid 
number  and  relatively  fewer  metacentrics  in  the  chelid  karyotype  is  closer  to  that  of  the 
cryptodires.  Derivation  of  the  chelid  karyotype  from  one  similar  to  that  of  the  pelome- 
dusids  is  suggested. 

INTRODUCTION 

Most  vertebrate  groups  have  recently  undergone  extensive  karyological  re¬ 
search,  partially  because  of  the  phylogenetic  and  taxonomic  significance  of 
such  studies.  The  order  Chelonia  has  been  relatively  neglected  until  recently. 
Diploid  numbers  for  previously  reported  genera  range  from  26  in  the  pelome- 
dusids,  to  66  in  the  trionychids  (Ayers,  et  al.,  1969;  Ohno,  1967). 

The  Pleurodira,  which  contains  the  Chelidae  and  Pelomedusidae,  is  consi¬ 
dered  phylogenetically  the  oldest  of  the  2  suborders  of  turtles.  Although 
karyotypes  have  been  reported  for  the  3  pelomedusid  genera,  investigations 
of  chelid  species  are  lacking  (Ayres,  et  al,  1969;  Huang  and  Clark,  1968;  Kil- 
lebrew,  1974). 

In  the  Pelomedusidae,  Ayres,  et  al.  (1969)  determined  the  karyotypes  of 
the  genus  Podocnemis,  except  P.  lewyana  and  P.  vogli.  The  karyotypes  were 
fairly  uniform  in  diploid  number  (2N=28)  and  total  length  of  the  chromo¬ 
somes.  P.  dumeriliana  differed  by  having  26  rather  than  28  chromosomes. 

Huang  and  Clark  (1968)  found  similar  results  forP.  unifilis  and  P.  expan- 
sa.  The  karyotypes  were  similar  except  for  the  smallest  chromosomes. 
Secondary  constrictions,  which  were  noted,  may  have  been  due  to  tempera¬ 
ture  shocks  rather  than  being  nucleolar  organizer  sites. 

Killebrew  (1974)  presented  data  on  the  other  2  genera  in  this  family.  The 
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4  species  of  Pelusios  and  Pelomedusa  had  a  diploid  number  of  34,  similar  per¬ 
centage  arm  lengths,  and  morphology.  The  increase  in  diploid  number,  over 
that  reported  for  Podocnemis,  is  in  the  number  of  the  smallest  chromosomes. 
The  karyotype  for  Pelomedusa ,  however,  differed  from  that  of  the  other  2 
genera  by  possessing  an  acrocentric  pair  at  V  and  a  metacentric  and  a  subme- 
tacentric,  respectively.  Stock  (1972)  also  reported  a  diploid  number  of  34  for 
Pelomedusa  subrufa,  but  this  karyotype  was  reported  to  be  morphologically 
similar  to  that  of  Podocnemis ,  in  contradiction  to  the  observations  of  Kille- 
brew  (1974). 

The  Chelidae  is  the  2nd  pleurodire  family.  Since  no  chelids  have  been 
karyotyped,  this  study  represents  a  beginning  from  which  investigations  of 
evolutionary  relationships  of  these  turtles  can  begin. 

MATERIALS  AND  METHODS 

Chromosomes  from  corneal  epithelium  were  stained  with  aceto-orcein  and 
squashes  were  prepared  according  to  Killebrew  (1974).  Counts  were  made 
from  a  minimum  of  15  spreads  per  specimen.  The  largest  13  pairs  were  num¬ 
bered  and  arranged  in  decreasing  order  of  size.  The  remaining  12  pairs  were 
morphologically  indistinguishable  and  were  considered  as  microchromosomes. 
Measurements  of  the  long  and  short  arms  of  each  macrochromosome  were 
calculated  as  a  percentage  of  the  total  length  of  the  largest  pair  of  chromo¬ 
somes.  Karyotypes  for  the  different  organisms  were  compared  morphological¬ 
ly  and  quantitatively. 

RESULTS 

The  3  genera  had  the  same  diploid  chromosome  number  (Table  1), 
morphologically  similar  macrochromsomes  (Figures  1,2,  and  3),  and  similar 
percentage  arm  lengths  (Table  2).  The  fundamental  number  for  the  macro¬ 
chromosomes  was  the  same  for  all  3  species.  Each  of  the  3  genera  had  8  pairs 
of  metacentric,  3  pairs  of  submetacentric,  and  2  pairs  of  acrocentric  chromo¬ 
somes.  Characterization  of  individual  chromosome  pairs  is  presented  in  Table 
1. 


DISCUSSION 

The  pleurodira,  or  side-neck  turtles,  is  comprised  of  the  Pelomedusidae 
and  the  Chelidae,  both  of  which  have  present  —  day  representatives.  The 
more  primitive  is  the  Pelomedusidae ,  which  has  remained  extraordinarily  sta¬ 
tic,  evolutionarily,  since  the  Cretaceous  (Pritchard,  1967).  Representatives  of 
the  extant  genus  Podocnemis  have  been  found  as  fossils  from  the  Cretaceous 
of  such  widely  separated  areas  as  England,  Africa,  and  the  United  States 
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(Romer,  1956).  The  fossil  history  of  the  Chelidae  is  not  as  well  known  as  the 
Pelomedusidae.  The  entire  suborder  is  presently  confined  to  the  southern 
land  masses. 


Table  1 

Diploid  number  (2N),  fundamental  number  (FN),  and  characterization  of  the 
macrochromosomes  of  chelid  turtles.  Abbreviations  in  the  table  represent  the  following: 
M  =  macrochromosomes,  m  -  microchromosomes. 


Characterization  of  the  macrochromosomes 
Species  M  m  2N  FN  Metacentric  Submetacentric  Acrocentric 


Batrachemys  nasuta  26  24  50  48  I,  II,  VI,  III,  IV,  XII  V,  VII 


XI,  XIII 

Emydura  macquarii  26  24  50  48  I,  II,  VI, 

VIII,  IX,  X, 
XI,  XIII 

Phrynops gibba  26  24  50  48  I,  II,  VI, 

VIII,  IX,  X, 
XI,  XIII 


II,  IV,  XII  V,  VII 


III,  IV,  XII  V,  VII 


Table  2 

The  percentage  arm  lengths  of  the  macrochromosomes  of  chelid  turtles.  Percentage 
arm  lengths  and  total  percentage  lengths  are  determined  as  a  percentage  of  the  total 
length  of  the  first  pair  of  chromosomes. 


Species 


Batrachemys  nasuta 


Emydura  macquarii 


I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII  XIII 

38 

33 

18 

10 

_ 

16 

_ 

12 

12 

10 

08 

02  08 

62 

41 

48 

31 

36 

16 

30 

13 

13 

10 

10 

14  08 

100 

74 

66 

41 

36 

32 

30 

25 

25 

20 

18 

16  16 

41 

38 

19 

10 

— 

12 

— 

14 

12 

11 

09 

03  07 

59 

47 

47 

34 

42 

27 

35 

14 

13 

12 

12 

16  09 

100 

85 

66 

44 

42 

39 

35 

28 

25 

23 

21 

19  16 

36 

32 

17 

15 

— 

17 

— 

12 

11 

10 

10 

02  09 

64 

39 

41 

35 

39 

17 

29 

13 

12 

11 

10 

17  10 

100 

71 

58 

50 

39 

34 

29 

25 

23 

21 

20 

19  19 
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Figure  1.  Karyotype  for  Batrachemys  nasuta  (2N=50). 


Figure  2.  Karyotype  for  Emydura  macquarii  (2N=50). 
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Figure  3.  Karyotype  for  Phrynops  gibba  (2N=50). 


The  chelids  are  karyotypically  more  similar,  both  in  the  morphology  of 
the  macrochromosomes  and  the  dipoloid  number  (2N=50),  to  the  cryptodires 
(2N=50,  52,  or  66),  than  to  the  Pelomedusids  (2N=26,  28,  or  34)  (Killebrew, 
1972,  1974;  Ohno,  1967;  Ayres,  et  al.,  1969;  Stock,  1972).  No  relationship  is 
inferred  between  the  chelids  and  the  cryptodires.  Is  the  diploid  number  found 
in  the  pelomedusids,  or  that  of  the  chelids  closer  to  the  base  number  for 
turtles? 

The  ancestors  of  the  2  modern  suborders  of  turtles,  the  Proganochelydia 
and  the  Amphichelydia,  are  extinct;  therefore,  no  karyological  relationships 
can  be  determined.  Thus,  the  question  cannot  be  answered.  The  base  number 
for  a  group  can  either  increase  or  decrease,  through  various  mechanisms,  mak¬ 
ing  the  determination  of  the  base  number  for  an  organism  difficult.  Examina¬ 
tion  of  the  karyotype  alone  will  not  indicate  obvious  trends  which  can  be  cor¬ 
related  with  primitiveness  or  specialization. 

It  is  significant,  however,  that  the  pelomedusids,  based  on  morphological 
and  geological  data,  have  been  characterized  as  the  most  primitive  of  the 
pleurodires  (Romer,  1956).  The  pelomedusids  have  also  been  characterized  as 
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having  been  evolutionary  static  for  millions  of  years  (Pritchard,  1967).  The 
diploid  number  for  the  pelomedusids,  based  on  these  data,  would  probably  be 
closer  to  the  base  number  for  the  pleurodires  than  that  of  the  chelids.  The 
karyotype  for  the  Chelidae  would  then  be  derived  from  one  similar  to  that  of 
the  pelomedusids  and  would  represent  an  increase  in  diploid  number.  The 
pelomedusid  karyotype,  however,  may  represent  a  decrease  in  diploid  number 
from  that  of  the  ancestral  stock  since  presumed  common  ancestry  does  not 
necessarily  imply  that  both  groups  would  have  to  follow  the  same  line  of 
karyotype  evolution. 

The  morphology  of  the  macrochromosomes  of  the  chelids  is  similar  to  that 
of  the  pelomedusids  (Killebrew,  1974;  Ayres,  et  al.,  1969;  Stock,  1972).  The 
chelids  differ  by  possessing  an  acrocentric  rather  than  a  metacentric  pair  at 
V  and  VII,  and  by  the  addition  of  2  small  metacentrics  in  the  terminal  posi¬ 
tions  of  the  karyotype.  Pelomedusa  differs  from  the  other  pelomedusids  by 
possessing  an  acrocentric  at  V.  Conventionally,  increase  in  the  diploid  number 
is  explained  by  breakage  of  the  chromosomes.  This  mechanism  will  account 
for  the  addition  of  the  2  metacentric  chromosomes  to  the  terminal  positions 
of  the  karyotype.  Further  increase  in  the  diploid  number  is  in  the  number  of 
microchromosomal  elements.  The  mechanism  for  such  an  increase  may  be 
due  to  duplication  of  the  microchromosomes,  although  substantiation  of  such 
a  mechanism  is  lacking.  The  ancestral  karyotype  for  pleurodires,  however, 
may  not  be  similar  to  that  of  the  pelomedusids.  Further  studies  in  related 
forms  are  required  in  order  to  better  understand  relationships  among  these 
organisms. 
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VARIATION  AND  CORRELATION  OF  THE  OS  CORDIS  AND 
HEART  IN  ODOCOILEUS  VIRGINIANUS  (ARTIODACTYLA) 


by  CHARLES  A.  LONG  and  DAVID  L.  SMART 

Museum  of  Natural  History  and  Department  of  Biology,  and  Col¬ 
lege  of  Natural  Resources,  University  of  Wisconsin,  Stevens  Point, 
Wisconsin  54481 

ABSTRACT 

Some  effects  of  sex,  age,  and  latitude  on  variation  of  the  os  cordis  and  heart  in 
Odocoileus  virginianus  from  Texas  (45  deer)  and  Wisconsin  (26  deer)  were  studied.  Deer 
were  weighed,  their  ages  determined  by  dentitions  and  their  hearts  removed.  Each  os 
cordis  was  cleaned  (by  boiling  in  ammonia  hydroxide).  Texas  males  were  significantly 
greater  than  females  in  mean  weights  of  the  body,  os  cordis,  the  heart,  and  length  of  the 
os.  Semi-logarithmic  curves  showing  ontogenetic  variation  in  Texas  and  Wisconsin  bucks 
and  does  revealed  that  growth  occurred  mostly  in  the  first  year.  Curves  for  weight  and 
length  of  the  os  generally  resemble  curves  for  heart  and  body  weights.  Wisconsin  deer 
were  significantly  larger  than  Texas  deer,  and  their  mean  heart  weight  (either  sex)  and 
weight  of  the  os  (in  females)  were  significantly  greater.  The  os  length  averaged  about  the 
same.  Photographed  bones  revealed  variation  in  form.  Some  large  coefficients  of 
variation  were  obtained,  especially  for  the  heterotopic  os  cordis.  In  heart  and  body 
weights  the  males  varied  significantly  more  than  females.  Intercorrelations  of  age 
(months),  body,  heart  and  bone  weights,  and  bone  length  were  high  (for  Texas  deer), 
but  some  correlations  were  apparently  lowered  by  differential  growth.  Ratios  of  body  to 
heart  weights  in  Texas  deer  hardly  changed  with  age,  but  were  greater  in  adult  males 
than  females  (related  possibly  to  an  os  cordis  larger  in  males). 

INTRODUCTION 

Although  numerous  studies  have  been  made  of  the  variation  of  many 
bones  and  bone  complexes  (e.g.,  the  skull),  only  a  few  have  been  attempted 
for  heterotopic  bones.  A  heterotopic  bone  occurring  in  the  heart  of  rumi¬ 
nants  is  the  os  cordis.  Some  effects  of  sex,  age,  and  latitude  (Wisconsin  and 
Texas  samples)  on  the  variability  of  the  os  cordis  and  heart  weight  in  white¬ 
tailed  deer  ( Odocoileus  virginianus)  were  determined. 

MATERIALS  AND  METHODS 

Forty-five  deer  were  collected  at  the  Welder  Wildlife  Refuge,  Texas  (sum¬ 
mers  1973,  1972),  and  26  were  taken  in  Wisconsin,  including  a  sample  of  12 
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from  the  U.S.  Sand  Hills  Demonstration  Area  (fall  1972).  Deer  were  weighed 
in  the  field,  the  hearts  were  removed  and  emptied,  and  the  ages  were  deter¬ 
mined  by  dentitions  (accurate  to  month  at  Welder  and  to  the  year  in  Wiscon¬ 
sin).  The  os  cordis  was  removed  from  each  heart  and  cleaned  at  low-tempera¬ 
ture  in  boiling  ammonia  hydroxide.  Each  bone  was  dried  over  heat,  measured 
with  dial  calipers  and  weighed  on  a  top  pan  balance. 

RESULTS 

Texas  males  (Table  1)  significantly  exceeded  does  in  size  based  upon  mean 
weights  (0.001  level),  the  os  cordis  (0.02),  perhaps  the  heart  (0.1),  and  length 
of  the  os  (0.1).  A  smaller  sample  of  Wisconsin  deer  failed  to  reveal  significant 
differences  (except  in  body  weight)  but  in  weights  of  the  heart  and  os  the 
males  averaged  heavier.  The  lengths  of  the  os  in  males  and  females  (20)  were 
even.  By  excluding  yearlings,  as  well  as  fawns,  the  sample  sizes  (Table  1)  were 

Table  1.  Comparisons  of  mean  size  in  bucks  and  does  from  Texas  and  Wisconsin. 

(  *  shows  significance  at  0.1  level;  **  0.05;  f  0.02;  ff  0.01;  *f  0.001  or  less,  t 
levels  for  one  tailed  test.) 
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67 

28 
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diminished  but  the  effect  of  growth  was  minimized  (growth  curves  level  off  in 
2-year  olds).  The  results  are  nearly  the  same  as  in  the  analysis  of  yearlings  and 
older  deer,  but  the  level  of  significance  was  increased  in  Texas  heart  weight 
and  lost  for  length  of  the  bone. 

Some  ordinary  coefficients  of  variation  were  obtained  for  body  weights  of 
the  deer  (e.g.,  CV  20,  1 1 ,  males  and  females).  Moderately  high  and  very  high 
values  were  found,  respectively,  for  hearts  (some  shot)  and  the  peculiar  os 
cordis.  Values  for  adult  deer  in  heart  weight  were  as  follows:  CV  17,  N  11 
males;  CV  12,  N  19  females  or  when  yearlings  are  included  the  CV  is  25  for 
males,  14  for  females.  Values  for  adults  in  bone  weights  are  as  follows:  CV 
47,  N  8  Males;  43,  N  15  females  and  when  yearlings  are  included  CV  52,  N 
9  males;  46,  N  19  females.  Values  for  adults  in  bone  length  were  as  follows: 
CV  28,  N  8  males;  20,  N  15  females  or  when  yearlings  are  included  CV  27, 

Figure  1.  Some  variation  in  form  of  the  os  cordis  in  white-tailed  deer.  Top 
row,  Welder  males.  Middle  rows,  Welder  females.  Bottom  row,  Wisconsin  fe¬ 
males  and  males. 
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N  9  males;  21,  N  19  females.  Although  the  samples  are  small  the  CV’s  ap¬ 
proach  the  very  high  value  recorded  by  Long  and  Shirek  (1970)  for  the  length 
of  the  heterotopic  os  clitoridis  in  mink.  Thus,  the  individual  variation  estima¬ 
ted  for  the  os  cordis,  a  bone  with  no  known  homologue  (except  in  other  ru¬ 
minants),  is  exceptionally  great.  The  figured  bones  reveal  much  variation  in 
form  (Fig.  1).  Males  from  Welder  varied  more  (significant  0.005  level, /test) 
in  body  and  heart  weights  (yearlings  and  older  or  2-year  olds  and  older). 

Intercorrelations  (Table  2)  of  the  Welder  sample  reveal  that  significant  co¬ 
efficients  obtain  of  age  (months)  and  body,  heart,  and  bone  weights,  and 
length  of  the  bone,  usually  in  either  sex.  Body  weights  correlate  highly  with 
other  variables  (less  so  with  bone  length  and  weight),  and  the  weight  of  the 
bone  correlates  highly  with  its  length.  Low  f  s  (43,  44)  were  between  bone 
weight  and  heart  weight  (but  one  of  these  was  significant  at  the  0.05  level). 
The  heart  weight  growth  curve  levels  off  before  the  curve  for  bone  weight 
does  (Figs.  2,  3)  which  differential  explains  the  low  correlations. 


Table  2.  Intercorrelations  (r  —  coefficients)  of  age,  body,  heart  and  bone  weights  and 
bone  length  for  male  and  female  deer  from  Texas.  Sample  size  enclosed  in  parentheses. 
(  *  shows  significance  at  0.05  level;  **  at  0.01;  ***  at  0.001.) 
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Ratios  of  body  to  heart  weight  in  Welder  deer  show  that  the  ratio  hardly 
changes  with  age  but  is  significantly  greater  in  males  (Table  3).  We  may  hypo¬ 
thesize  that  the  male  deer  has  evolved  a  larger  “motor”,  so  to  speak,  with  no 
increase  in  the  size  of  the  “carburetor”  (except  a  larger  os  cordis  at  the  outlet 
valve).  The  ratio  of  heart  to  bone  weight  varies  (probably  sampling  error)  but 
seems  greatest  in  fawns.  Wisconsin  ratios  were  not  compared,  for  the  Wiscon- 
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sin  samples  were  small  and  the  body  weights  were  of  dressed  deer.  Joseph 
(1908)  reported  a  much  higher  ratio  (1 1.55)  of  heart  weight  to  kilograms  of 
body  weight  in  a  deer  (a  smaller  species;  20,600  g)  than  we  observed  (ratios 
of  7-8).  Nevertheless,  our  values  are  comparatively  high  to  those  of  his  other 
mammals. 

Semi-logarithmic  curves  were  analyzed  to  ascertain  some  information  on 
growth  in  Texas  and  Wisconsin  bucks  and  does.  Deer  of  varied  ages  represent 
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Figure  2.  Growth  curves  of  Welder  bucks  for  body  (kg),  heart  (g),  and  os 
weights  (mg)  and  length  of  os  (cm).  Semi-log  plot  of  wts.  and  length.  The 
length  curve  was  raised  by  multiplying  by  100. 
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different  generations,  instead  of  the  weights  applying  to  one  group  of  deer. 
This  increases  the  probability  of  error  arising  from  environmental  effects, 
which  possibly  accounts  for  the  dips  in  the  curves  for  bone  weights  (Figs.  2- 
3).  The  curves  for  body  weight  are  similar  and  show  that  deer  grow  fastest  as 
fawns,  and  grow  less  rapidly  up  to  two  years.  Little  growth  occurs  there¬ 
after.  The  curves  for  heart  weight  resemble  those  for  body  weight.  The  curves 
are  not  so  smooth,  but  generally  resemble  the  other  curves.  In  Texas  a  sharp 
drop  in  size  was  noted  in  4-year  olds  in  weight  and  length  of  the  os,  perhaps 
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Figure  3.  Growth  curves  of  Welder  does  for  body,  heart,  and  os  weights,  and  length 
of  os.  Explanation  as  in  Figure  2. 
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Table  3.  Some  ratios  of  weights  in  Welder  deer. 

FEMALES 


No. 

Avg.  Body 

Heart  wt. 

Bone  wt. 

Body  wt./ 

Heart  wt./ 

Age 

Animals 

wt.  (gms) 

avg. (g) 

avg.  (mg) 

Heart  wt. 

Bone  wt. 

1-6 

4 

26,590 

216. 

19 

123.1 

1136.84 

7-18 

6 

39,000 

296.8 

44 

131.4 

674.54 

19-30 

3 

44,230 

357. 

81 

123.89 

440.74 

31-42 

5 

46,540 

350.6 

102 

132.74 

343.72 

43-54 

7 

46,500 

372.6 

55 

124.79 

677.45 

55-66 

4 

47,590 

361.7 

65 

131.57 
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— 
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4 

60,690 

434.5 

67 

139.67 

648.50 

55-66 

0 

— 

— 

— 

— 

— 

67-4 

3 

62,160 

457.7 

158 

135.80 

289.68 

resulting  from  fluctuating  environments  and  a  bad  season  of  growth  for  this 
particular  generation.  Curves  for  males  were  generally  above  those  for  the 
smaller  females.  Some  growth  of  the  heart  bones  apparently  occurs  through¬ 
out  life  of  both  does  and  bucks  in  Texas  and  Wisconsin. 

Deer  are  significantly  larger  in  Wisconsin  than  in  Texas,  and  mean  heart 
weight  (bucks  or  does)  and  weight  of  the  os  cordis  (in  females)  were  usually 
significantly  (0.01)  greater  in  the  Wisconsin  sample.  The  mean  length  of  the 
os  was  about  the  same  in  the  two  samples,  the  Texas  bones  being  notably 
slender. 
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ABSTRACT 

Nematospiroides  dubius  was  used  as  a  model  biomedical  system  in  the  Apollo  16 
manned  spaceflight.  Infective  larvae  of  this  species  were  carried,  in  a  closed  system,  into 
deep  space  and  upon  return  to  Earth  were  used  to  infect  mice.  While  members  of  the  ex¬ 
perimental  and  control  groups  were  able  to  infect  at  the  same  rate,  the  eggs  from  the  ex- 
perimentals  had  a  significantly  lower  hatch  rate.  Further  studies  will  be  required  to  de¬ 
fine  the  cause  for  this  depressed  hatchability. 

INTRODUCTION 

The  study  of  biological  systems  in  space  began  nearly  25  years  ago  with 
balloon  and  sounding  rocket  flights  launched  by  the  United  States  and  other 
countries  (Beischer  and  Fregly,  1962).  Throughout  this  period  a  large  variety 
of  organisms  were  tested  in  earth  orbital  space  to  determine  if  organisms 
could  survive  the  pertrubations  of  spaceflight.  The  biological  effects  of  such 
factors  as  ambient  space  radiation,  weightlessness,  and  abnormal  periodicity 
were  analyzed  (Jenkins,  1968).  Some  of  the  studies  evaluated  the  effects  of 
ballistic  and  earth-orbital  flight  on  the  development  of  an  animal  line.  The 
most  extensive  of  these  studies  was  conducted  by  von  Borstel  et  al.  (1971),  as 
a  part  of  the  Biosatellite  II  Project.  They  reported  that  several  stages  of  the 
life  cycle  of  the  parasitic  wasp,  Habrobracon  juglandis,  demonstrated  develop¬ 
mental  anomalies  following  the  flight.  The  fecundity  of  metaphase  I  oocytes 
from  non-irradiated  females  was  higher,  although  the  viability  of  these  flight 
eggs  was  lower  than  ground  controls.  In  addition,  the  fecundity  depressing  ef¬ 
fects  of  radiation  were  reversed  by  spaceflight  and  there  was  a  low  hatchabili¬ 
ty  frequency  observed  in  eggs  which  were  in  early  meiotic  prophase  during 
flight. 

1  Present  address:  634  N.  Ripley  St.,  Alexandra,  Virginia  22304 
The  Texas  Journal  of  Science,  Vol.  XXVII,  No.  1,  March,  1976. 
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Until  recently,  virtually  all  biological  experiments  performed  as  a  function 
of  spaceflight  have  been  limited  to  brief  exposures  in  earth  orbit.  However, 
with  the  advent  of  manned  lunar  exploration  missions  and  automated  deep 
space  probes  the  possibility  of  long  term  exposure  of  animal  test  systems  to 
the  environment  outside  of  earth  orbit  has  become  a  reality.  This  capability 
was  exercised  during  the  Apollo  16  mission  with  2  different  experiments.  In 

one  of  these  experiments  eggs  of  the  brine  shrimp  Artema  salina  were  flown' 
in  the  Biostack  I  package  described  by  Blicker  etal.  (1973).  Severe  radiation 
damage  was  reported  which  resulted  in  abnormal  abdominal  segment  forma¬ 
tion,  loss  of  activity  in  the  extremities  and  a  total  loss  of  development.  In  ad¬ 
dition  there  was  a  significant  decrease  in  the  hatching  rate  of  flown  eggs 
which  received  only  background  radiation  and  for  flown  eggs  receiving  both 
background  radiation  and  heavy  ion  hits  in  space. 

The  other  experiment  was  conducted  as  part  of  the  Microbial  Response  to 
Space  Environment  study  described  by  Taylor  et  al.  (1973).  Nematospiroides 
dubius,  the  trichostrongyloid  parasite  of  mice  (Ehrenford,  1954)  was  used  as 
a  model  system  for  evaluating  the  effect  of  spaceflight  on  the  development 
cycle  of  an  animal  parasite.  Resulting  effects  were  evaluated  in  terms  of  survi¬ 
val,  adult  development,  egg  production  and  fecundity.  The  results  of  this 
flight  study  and  supporting  ground  based  studies  are  presented  in  this  com¬ 
munication. 


MATERIALS  AND  METHODS 

Preparation  of  larvae.  Infected  male  C57  B/6  mice  were  housed  in  meta¬ 
bolism  cages.  Fecal  pellets  were  collected  on  moist  paper  towels,  emulsified  in 
deionized  water  and  filtered  through  3-ply  surgical  gauze.  The  filtrate  was 
centrifuged  at  250  x  G  for  2  min,  after  which  the  supernatant  was  discarded 
and  the  sediment  was  resuspended  in  2-3  ml  of  distilled  water.  The  resulting 
fecal  suspensions  were  evaluated  for  the  presence  of  eggs  in  order  to  insure  an 
adequate  concentration  for  the  larval  hatch.  A  single  unit,  fixed  volume,  plas¬ 
tic  slide  (KOVA-SLIDE,  ICL  Scientific,  Fountain  Valley,  Ca.)  was  used  for 
quantitating  eggs.  The  26  x  76  mm  slide  contained  5  horseshoe  shaped  cham¬ 
bers  with  a  fixed  coverslip  extending  over  the  curved  portion  of  each  cham¬ 
ber.  A  total  of  0.017  ml  of  the  specimen  was  drawn  under  the  coverslip  by 
capillary  action  when  the  uncovered  portion  of  each  chamber  was  filled  with 
a  fecal  suspension.  The  number  of  eggs  per  gram  of  fecal  material  was  calcu¬ 
lated  from  replicate  readings.  When  production  reached  at  least  500  eggs  per 
ml,  one  ml  aliquots  of  the  suspension  were  transferred  by  pipette  onto  moist 
Whatman  No.  1  filter  paper  in  individual  20  x  100  mm  Petri  plates.  After  the 
cultures  had  incubated  at  25  C  for  5  days,  the  free  larvae  were  washed  into  a 
Baerman  filtering  device  (Keeling,  1960).  Larvae  issuing  from  the  Baerman 
apparatus  were  collected  in  15  ml  conical  tubes,  centrifuged  at  250  x  G  for 
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2  min,  washed  once  in  distilled  water  to  clear  particulate  matter  and  recentri¬ 
fuged.  The  sedimented  larvae  were  suspended  in  distilled  water  and  divided 
into  aliquots  of  150-200  larvae  each  for  use  in  the  flight  experimental 
cuvettes  and  the  longevity  study  cuvettes. 

Preparation  of  flight  experimental  cuvettes.  Sixty  cuvettes  for  the  space- 
flight  study  were  prepared  in  the  following  manner.  Each  aliquot  of  150-200 
larvae  in  0.05  ml  of  distilled  water  was  inoculated,  with  the  aid  of  a  0.05  ml 
syringe,  into  a  quartz  and  Kel-F  plastic  storage  cuvette  (Fig.  1).  Anon-toxic 
Shellwax-500  plug  was  administered  in  such  a  way  that  air  bubbles  were  ex¬ 
cluded  and  the  larvae  were  completely  encased  in  a  closed  chamber.  These 
cuvettes  were  divided  equally  into  a  ground  control  group  (20  cuvettes),  a 


Figure  1.  50  jUl  Storage  Cuvette:  (1)  Wax  plug  (2)  Kel-F  plastic  body  (3)  Specimen 
chamber  (4)  Quartz  plate 

launch  vibration  group  (20  cuvettes),  and  a  flight  experimental  group  (20 
cuvettes).  All  cuvettes  were  maintained  in  the  laboratory  at  22  C  until  loading 
into  the  flight  hardware  was  completed.  The  ground  and  vibration  control  cu¬ 
vettes  were  loaded  into  assemblies  identical  to  the  flight  experimental  pack¬ 
age.  The  ground  control  unit  remained  in  the  proximity  of  the  flight  unit 
until  launch  from  the  Kennedy  Space  Center.  The  launch  vibration  control 
unit  was  tested  by  the  Experimental  Dynamics  Laboratory  at  the  Johnson 
Space  Center.  During  this  test  the  unit  was  subjected  to  mechanical  forces 
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which  simulated  the  Saturn  V  vibration  during  the  entire  launch  sequence 
through  the  3rd  stage  separation.  This  test  was  conducted  simultaneously 
with  the  launch  of  Apollo  16  after  which  the  unit  was  returned  to  the  labora¬ 
tory  for  the  remainder  of  the  test  period.  The  ground  control  unit  was  trans¬ 
ported  to  the  site  of  splashdown  and  reunited  with  the  flight  experimental 
package. 

Preparation  of  longevity  study  cuvettes.  The  longevity  cuvettes  were 
loaded  and  sealed  in  the  same  manner  as  those  for  the  flight  study.  Forty 
filled  chambers  were  stored  at  22  C  for  a  period  of  up  to  66  days  and  were 
examined  weekly  for  larvae  motility. 

Processing  of  flight  experimental  cuvettes.  The  flight  experimental  and 
corresponding  control  cuvettes  were  returned  to  the  laboratory  5  days  after 
recovery  and  were  processed  for  animal  inoculation  during  the  next  48  hours. 
The  wax  plug  of  each  cuvette  was  removed  with  a  sterile  16  mm  drill  bit  and 
the  contents  extracted  using  a  0.5  ml  syringe  fitted  with  a  26  gauge  needle. 
Each  aliquot  was  transferred  to  a  spot  plate,  divided  equally  and  the  larvae 
counted.  Each  inoculum  containing  75-100  larvae,  was  administered  per  os 
into  an  1 1  week  old  C5  7  B/6  male  mouse  using  a  0.5  ml  syringe  fitted  with  an 
18  gauge  ball-tipped  needle.  Forty  mice  were  inoculated  for  each  flight  expe¬ 
riment  associated  group  for  a  total  of  120  mice.  Fecal  pellets  were  collected 
from  all  mice  on  post  inoculation  day  22,  and  examined  quantitatively  for 
the  presence  of  eggs.  The  eggs  were  subcultured  for  viability  determinations. 
The  mice  were  autopsied  after  a  28  day  infection  period  and  the  sexed  adult 
worms  recovered  from  the  intestinal  lumen  by  the  method  of  Haley  (1966). 
The  percent  of  inoculated  larvae  recovered  as  adult  worms  was  calculated  as 
the  infectivity  rate.  The  number  of  eggs  issuing  from  the  mice  was  correlated 
to  the  number  of  females  recovered  at  autopsy.  Data  from  mice  which  died  of 
natural  causes  were  not  included  in  analyses. 

Processing  of  longevity  study  cuvettes.  At  each  storage  time  interval  5  cu¬ 
vettes  from  the  longevity  study  were  selected  at  random  from  the  pool  for 
analysis.  The  cuvettes  were  unloaded  in  the  same  manner  as  the  flight  study 
cuvettes.  Ten  mice  were  inoculated  at  each  storage  time  interval,  and  2  unin¬ 
oculated  mice  were  included  in  each  test  group  as  controls.  All  mice  were 
housed  in  individual  cages  and  autopsied  after  a  28  day  infection  period. 
Adult  worms  were  recovered  from  the  intestinal  lumen  and  quantitated  ac¬ 
cording  to  sex.  Infectivity  rates  were  calculated  as  the  percent  of  inoculated 
larvae  recovered  as  adult  worms. 

Each  longevity  cuvette  was  cultured  for  aerobic  bacteria  by  aseptically 
washing  the  interior  of  the  extracted  cuvette  with  sterile  distilled  water  and 
plating  the  wash  onto  Trypticase  soy  agar  (BBL)  containing  5%  sheep  ery¬ 
throcytes.  All  inoculated  plates  were  incubated  aerobically  at  35  C  for  24 
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hours.  Resulting  bacterial  colonies  were  picked  to  Trypticase  soy  broth. 
After  incubation  at  35  C  for  24  hours  the  broth  cultures  were  used  to  make 
Gram  stains  and  to  inoculate  bacterial  identification  media.  All  isolates  were 
identified  to  genus. 

RESULTS 

Flight  experimental  cuvettes.  The  flight  cuvettes  were  examined  imme¬ 
diately  after  return  to  the  laboratory.  No  signs  of  damage  were  observed  and 
all  cuvettes  appeared  to  have  maintained  their  full  fluid  capacity.  Each  test 
and  control  cuvette  was  observed  prior  to  opening  by  using  a  dissecting  mi- 

Table  1 

Mean  Values  of  Adult  Recovery  from  Flight  Experimental  and  Control  Groups 


Ground  Control 

Launch  Vibration 

Flight  Assembled 

Groupa 

Control  Group*3 

Group0 

Inoculum  Size 

92 

96 

91 

Percent  Recovery 

42 

44 

48 

Number  of  Recovered  Males 

14 

16 

16 

Number  of  Recovered  Females 

25 

26 

28 

Total  Adults  Recovered 

39 

42 

44 

a32  test  samples 
^35  test  samples 
c37  test  samples 


croscope  (20  X).  There  was  no  observable  difference  in  the  degree  of  motili¬ 
ty  between  any  of  the  groups. 

No  encysted  pre-adults  were  observed  in  any  of  the  mice  at  autopsy.  Adult 
worms  from  all  groups  were  bright  red  and  found  in  clumps  and  tightly  coiled 
of  organisms  were  tested  in  earth-orbital  space  to  determine  if  organisms 
spirals  proximal  to  the  entrance  of  the  common  bile  duct.  No  anomalies  in 
the  physical  appearance  of  the  adults  were  observed.  Infectivity  was  calcu¬ 
lated  and  reported  as  the  number  of  adult  worms  recovered  based  on  the  lar¬ 
val  inoculum  size  (Table  1).  Mean  infectivity  rates  in  the  ground  control,  vi¬ 
bration  control  and  flight  experimental  groups  were  42%,  44%  and  48%  re¬ 
spectively.  The  Bartlett’s  Chi-square  test  and  the  F-like  statistic  for  hetero¬ 
genous  variances  were  employed  in  analysis  of  the  data  presented  in  Table  1. 
No  significant  difference  (P  <  0.05)  in  the  mean  inoculum  size  between 
groups  was  noted.  The  variation  in  the  number  of  recovered  males  between 
groups,  the  number  of  recovered  females  between  groups,  and  the  mean  per¬ 
cent  of  total  recovered  adults  between  groups  were  not  significant  at  the 
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Table  2 

Mean  Values  of  Egg  Production  and  Viability  From 
Flight  Experimental  and  Control  Groups 

Ground  Control  Launch  Vibration  Flight  Experimental 


Group 

Control  Group 

Group 

Number  of  Recovered 
Females 

(10-41)a 

25 

(9-54) 

26 

(13-50) 

28 

Eggs/female/day 

(400-1550) 

765 

(150-2000) 

860 

(200-1600) 

675 

Percent  Viable  Eggs 

(9-34) 

20 

(8-38) 

19 

(2-18) 

8 

aNumbers  in  parenthesis  indicate  range. 


P  <  0.05  level.  However,  there  was  a  significant  difference  (P  <  0.05)  in  the 
number  of  recovered  males  and  females  within  each  group. 

The  egg  production  rate  of  worms  in  infected  mice  determined  on  post  in¬ 
oculation  day  22  was  correlated  to  the  number  of  female  worms  recovered  at 
autopsy  (Table  2).  Each  female  recovered  from  the  ground  control  group  pro¬ 
duced  approximately  765  eggs  per  day,  20%  of  which  subsequently  hatched. 
Females  recovered  from  the  launch  vibration  control  group  produced  approx¬ 
imately  860  eggs  per  day  each,  19%  of  which  were  recovered  as  viable  larvae. 
The  mean  egg  production  rate  in  the  flight  experimental  group  was  675  eggs/ 
female/day.  Subculturing  resulted  in  an  8%  egg  viability  for  this  group. 

Longevity  study  cuvettes.  The  relative  infectivity  of  N.  dubius  larvae 
stored  in  cuvettes  for  various  lengths  of  time  are  presented  in  Table  3.  Fifty 
percent  of  the  larvae  which  were  not  stored  in  cuvettes,  but  were  inoculated 
into  mice  immediately  after  preparation  (Day  0),  were  recovered  as  adult 
worms  at  the  end  of  the  standard  infection  period.  The  larvae  which  were 
stored  in  cuvettes  were  observed  prior  to  inoculation  into  mice.  No  differences 
in  activity  or  motility  were  observed  through  storage  day  52,  although  the 
adult  recovery  for  day  52  was  half  of  the  recovery  from  non-stored  larvae. 
The  infection  rate  was  only  9%  for  the  66th  day  of  the  storage  period. 

The  aerobic  bacterial  flora  of  the  longevity  cuvettes  consisted  of  the  fol¬ 
lowing  genera:  a )  Bacillus,  b)  Cory  neb  acterium,  c)  Flavobacterium,  d)  Micro¬ 
coccus,  e)  Mima ,  f)  Moraxella,  and  g)  Pseudomonas.  The  pseudomonads  were 
isolated  at  every  sampling  period.  The  other  species  were  isolated  from  less 
than  80%  of  the  cuvettes  analyzed. 

DISCUSSION 


N.  dubius  has  many  of  the  attributes  that  model  biomedical  systems 
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Table  3 

Infectivity  of  Stored  Larvae  of  TV.  dubius 


Larvae 

Total 

Recovered 

Recovered 

Infection 

Rateb 

Storage  Time 
(Days) 

Recovered 

adultsa 

Malesa 

Females3 

0 

56 

25 

31 

50 

24 

46 

20 

26 

43 

31 

29 

9 

20 

28 

38 

27 

10 

17 

25 

45 

18 

6 

12 

21 

52 

24 

7 

17 

26 

59 

9 

3 

6 

10 

66 

9 

2 

5 

9 

aAverage  number  per  mouse  per  test  interval 

bInfection  rate  (%)  =  adults  recovered  x  100 
larval  dose 


under  consideration  for  study  on  manned  spaceflight  missions  possess.  The 
parasitic  and  free  living  stages  of  this  species  have  been  fully  characterized 
(Baker,  1955;  Callizo,  1962;  Ehrenford,  1954;  Fahmy,  1956;  Sprulock, 
1943).  The  3rd  stage  larvae  of  N.  dubius  are  highly  infective  to  laboratory 
mice.  Human  infection  has  not  been  reported  and  attempts  to  infect  various 
hosts  by  skin  contact  have  been  unsuccessful  (Ehrenford,  1954).  The  poten¬ 
tial  of  this  species  as  a  model  for  human  hookworm  infection  has  been  re¬ 
ported  (Bartlett  and  Ball,  1972).  Another  factor  important  for  spaceflight 
based  studies,  not  previously  investigated,  is  the  ability  to  withstand  long  con¬ 
finement  periods  in  a  closed  environment. 

Studies  conducted  by  Haley  and  Clifford  (1960),  on  the  infectivity  of  the 
filariform  larvae  of  Nippostrongylus  brasiliensis  (Syn:  N.  muris)  have  demon¬ 
strated  stability  under  laboratory  conditions  for  up  to  4  weeks.  Similar  stu¬ 
dies  conducted  on  axenically  reared  filariform  larvae  of  N.  dubius  (Weinstein 
et  ah,  1969)  have  varified  the  storage  potential  of  this  species.  The  relation¬ 
ship  of  bacteria  to  larval  longevity  has  not  yet  been  established. 

The  results  presented  in  this  communication  provide  an  evaluation  of  the 
ability  of  N  dubius  larvae  to  survive  spaceflight  and  to  develop  normally.  The 
analysis  of  variance  from  the  Apollo  16  experiment  data,  indicated  no  signifi¬ 
cant  differences  (P  <0.05)  in  the  mean  inoculum  size  among  the  2  control 
groups  and  the  flight  experimental  group.  The  number  of  adult  worms  recov¬ 
ered  from  these  3  groups  was  similar  to  data  gathered  during  the  pre-launch 
experiments. 

The  mean  number  of  eggs  recovered  from  the  3  groups  was  between  675 
and  875  eggs/female.  The  egg-production  rate  is  similar  to  that  reported  by 
Scott  et  al.  (1959).  The  percentage  of  viable  eggs  from  the  ground  and  vibra- 
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tion  control  groups  were  within  1%  and  thus  were  considered  reliable  control 
rates.  The  percentage  of  viable  eggs  from  the  flight  experiment  group  was  sig¬ 
nificantly  less  than  the  established  egg  viability  control  rate  indicating  that 
the  organisms  may  have  incurred  a  developmental  deficiency  as  a  result  of 
passive  participation  in  the  1 1  day  manned  space  flight  mission. 

The  longevity  study  data  revealed  a  base  line  value  of  50%  recovery  of 
adults  following  a  28-day  infection  period  with  non -stored  larvae.  This  is  con¬ 
sistent  with  other  reported  studies.  Dobson  (1961)  used  an  inoculum  of  50 
N.  dubius  larvae  in  male  Swiss  mice  and  reported  60%  return  as  adults  after  a 
10  days  infection  period.  Weinstein  et  al.  (1969)  demonstrated  a  67%  recov¬ 
ery  after  a  3  to  11  day  infection  period,  although  the  larvae  were  axenically 
reared.  Pan  ter  (1969)  inoculated  5  to  20  week  old  white  mice  with  200  N. 
dubius  larvae  and  reported  initial  adult  recoveries  as  high  as  97%  for  a  14-day 
infection  period.  The  recovery  rate  established  for  N.  bmsiliensis  in  rats  (Ha¬ 
ley  and  Clifford,  1960)  is  the  most  similar  to  that  which  we  have  presented 
for  N.  dubius  in  mice.  The  ensuing  loss  of  infectivity  of  both  species  is  also 
similar,  although  the  effects  of  storage  were  apparently  less  deleterious  for 
N.  bmsiliensis  during  the  first  28  test  days.  The  relative  loss  of  infectivity  was 
more  rapid  after  day  28  for  N.  bmsiliensis  than  for  N.  dubius  through  day 
66.  The  actual  conditions  of  storage  employed  by  Haley  and  Clifford  (1960) 
are  not  detailed,  although  the  authors  mention  relatively  consistent  culture 
parameters.  Motility  does  not  adequately  reflect  the  infective  potential  of 
stored  larvae  in  our  opinion.  A  similar  conclusion  was  reached  by  Weinstein 
et  al.  (1969)  for  axenically  reared  larvae  which  had  been  stored  at  4  C  for  30 
months.  The  authors  reported  that  the  larvae  which  survived  and  were  motile 
demonstrated  a  “small  percentage”  of  infectivity  when  inoculated  into  con¬ 
ventional  mice.  In  our  studies  all  larvae  were  collected  and  pooled  from  the 
same  culture  source  and  all  parameters  of  storage  (temperature,  larvae  densi¬ 
ty,  and  substrate  composition)  remained  constant  throughout  the  test  period. 

Wang  (1970)  reported  that  several  genera  of  bacteria  representative  of 
fecal  organisms  were  suitable  for  use  as  food  for  the  free-living  stage  of  Tri- 
chostrongylus  colubriformis.  Our  results  indicate  that  several  different  bacter¬ 
ial  genera  were  present  in  the  longevity  cuvettes  which  could  have  been  util¬ 
ized  as  a  food  source.  Since  the  flight  experimental  cuvettes  and  the  longevity 
cuvettes  were  loaded  from  the  same  larval  pool,  it  is  assumed  that  some  of 
these  bacteria  were  also  present  in  flight  experimental  cuvettes.  Some  of  the 
genera  we  isolated  are  representative  of  those  tested  by  Wang. 

Infectivity  may  be  dependent  on  a  combination  of  other  factors  such  as 
the  larvae  age  at  the  time  of  inoculation  into  the  host,  the  rate  of  metabolism 
of  available  nutrients  in  the  carrier  fluid  or  substrate,  reserve  food  supplies 
within  the  individual  organism,  increased  levels  of  toxic  substances  produced 
as  a  result  of  metabolic  wastes  and  a  depletion  of  oxygen  or  other  essential 
gasses.  It  is  expected  that  one  or  more  of  these  parameters  which  play  an  im¬ 
portant  part  in  larvae  survival  and  infectivity  over  extended  time  periods 
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could  be  altered  to  further  decrease  the  loss  of  infectivity  with  storage. 

SUMMARY 

Infective  larvae  of  Nematospiroides  dubius  were  used  as  a  model  biomedi¬ 
cal  system  in  the  Apollo  16  manned  spaceflight.  A  longevity  study  was  carried 
out  on  larvae  of  this  species  in  ground  based  experiments.  The  number  of 
adult  worms  and  the  mean  number  of  eggs  recovered  from  the  flight  experi¬ 
ment  and  its  2  control  groups  were  similar  to  each  other  and  to  pre-launch 
experiments.  However,  the  percentage  of  viable  eggs  from  the  flight  experi¬ 
ment  group  was  significantly  less  than  that  for  the  control  groups  which  sug¬ 
gests  that  the  organisms  may  have  incurred  a  developmental  deficiency  as  a 
result  of  spaceflight.  The  longevity  study  showed  this  organism  can  remain  in¬ 
fective  in  the  closed  environment  for  66  days.  Several  genera  of  aerobic  bac¬ 
teria  were  present  in  the  longevity  cuvettes  which  could  have  served  as  a  food 
source. 

ACKNOWLEDGMENTS 

We  wish  to  thank  Dr.  Robert  Bolla,  University  of  Notre  Dame,  for  kindly 
supplying  the  stock  strain  of  N.  dubius  used  in  this  experiment.  The  assis¬ 
tance  of  Dr.  Ramsey  Bishara,  Jere  Hardy  and  Donald  Johnson  was  gratefully 
appreciated. 


LITERATURE  CITED 


Baker,  N.  F.,  1955-The  pathogenesis  of  Trichostrongyloid  parasites:  some  effects  of 
Nematospiroides  dubius  on  the  erythrocyte  patterns  and  spleens  of  mice.  Exp.  Parasi- 
tol,  4:  526-541. 

Bartlett,  A.  and  P.  A.  J.  Ball,  1912— Nematospiroides  dubius  in  the  mouse  as  a  model  of 
endemic  human  hookworms  infection.  Anns,  of  Tr.  Med.  Parasitol.,  66:  129-134. 

Beischer,  D.  E.  and  A.  R.  Fregly,  1962-Animals  and  man  in  space— a  chronology  and 
annotated  bibliography  through  the  year  1960.  Off.  Naval  Res.  Rept.  ACR-64 
USNSAM  Monograph  5. 

Browning,  L.  S.,  1971 -Genetic  effects  of  the  space  environment  on  the  reproductive 
cells  of  Drosophilia  adults  and  pupae.  The  Experiments  of  Biosatellite  II.  NASA  SP- 
204,  55-78,  Washington,  D.  C. 

Bucker,  H.,  G.  Horneck,  E.  Reinholy,  W.  Scheuerman,  W.  Ruther,  E.  H.  Graul,  H.  Planel, 
J.  P.  Soleilhavoup,  P.  Cuer,  R.  Kaiser,  J.  P.  Massue,  R.  Pfohl,  R.  Schmitt,  W.  Enge,  K. 
P.  Batholoma,  R.  Beaujean,  K.  Fukui,  O.  C.  Allkofer,  W.  Heinrich,  H.  Francois,  G. 
Portal,  H.  Kuhn,  H.  Wollenhaupt  and  G.  H.  Bowman,  1973-Biostack  Experiment. 
In:  The  Apollo  16  Preliminary  Science  Report.  NASA  SP-315,  27-1  to  27-10,  Wash¬ 
ington,  D.  C. 

Callizo,  P.  J.,  1962-The  free-living  development  of  Nematospiroides  dubius  Baylis  1926 
(Nematoda:  Heligmosomidae).  Univ.  Calif.  M.  A.  Thesis. 


172 


THE  TEXAS  JOURNAL  OF  SCIENCE 


Dobson,  C.,  1961-Certain  aspects  of  the  host-parasite  relationship  of  Nematospiroides 
dubius  (Baylis)  I.  Resistance  of  male  and  female  mice  to  experimental  infections. 
Parasitol. ,  51:  173-179. 

Ehrenford,  F.  A.,  1954-The  lift  cycle  of  Nematospiroides  dubius  Baylis  (Nematoda: 
Heligmosomidae).  J.  Parasitol.,  40:  480-481. 

Fahmy,  M.  A.  M.,  1956-An  investigation  on  the  life  cycle  of  Nematospiroides  dubius 
(Nematoda:  Heligmosomidae)  with  special  reference  to  the  free-living  stages.  Atsch. 
Parasi tenkinde. ,  17:  394-399. 

Glembotskiy,  Y.  A.,  E.  A.  Abeleva,  Y.  A.  Lapkin,  G.  P.  Parfenov,  1962-Effects  of  cos¬ 
mic  flight  factors  on  the  incidence  of  recessive  lethal  mutations  in  the  x-chromosome 
of  Drosophilia  melanogaster.  Prob.  Space  Biol.,  1 :  243-254. 

Haley,  A.  J.,  1966-Biology  of  the  rat  nematode,  Nippostrongylus  brasiliensis  (Travassos, 
1914).  II.  Characteristics  of  N.  brailiensis  after  30  to  120  serial  passages  in  the 

Syrian  hamster./.  Parasitol.,  59:  98-108. 

- -,  and  C.  M.  Clifford,  1960-Age  and  infectivity  of  the  filariform  larvae  of  the 

rat  nematode  Nippostrongylus  brasiliensis  (Travassos,  1914)./.  Parasitol,  46:  579- 
582. 

Jenkins,  D.  W.,  1968-USSR  and  U.  S.  Bio  science.  Bioscience,  18:  543-549. 

Keeling,  J.  E.  D.,  1960-The  effects  of  ultra-violet  radiation  on  Nippostrongylus  muris. 
1  Irradiation  of  infective  larvae:  lethal  and  sub-lethal  effects.  Ann.  Trop.  Med.  Parasi¬ 
tol.,  54:  182-191. 

Panter,  H.  C.,  1969-Host-parasite  relationships  of  Nematospiroides  dubius  in  the 
mouse.  /.  Parasitol,  55:  33-37. 

Parfenov,  G.  P.,  1962-Incidence  of  dominant  lethal  mutations  in  Drosophilia  melano¬ 
gaster  during  a  satellite  flight.  Prob.  Space  Biol,  1:  255-258. 

Scott,  J.  A.,  J.  H.  Cross,  and  C.  Dawson,  1959-Egg  productiion  of  Nematospiroides 
dubius  in  mice  and  rats.  Tex.  Rep.  Biol.  Med.,  17:  610-617. 

Spurlock,  G.  M.,  1943-Observations  on  host-parasite  relations  between  laboratory  mice 
and, Nematospiroides  dubius  Baylis./.  Parasitol.,  29:  301-311. 

Taylor,  G.  R.,  C.  E.  Chassay,  W.  L.  Ellis,  B.  G.  Foster,  P.  A.  Volz,  J.  Spizizen,  H.  Bucker, 
R.  T.  Wrenn,  R.  C.  Simmonds,  R.  A.  Long,  M.  B.  Parson,  E.  V.  Benton,  J.  V.  Bailey, 
B.  C.  Wooley,  and  A.  M.  Heimpel,  1973-Microbial  Response  to  Space  Environment. 
In:  The  Apollo  16  Preliminary  Science  Report.  NASA  S P-3 15  27-11  to  27-17,  Wash¬ 
ington,  D.  C. 

von  Borstel,  R.  C.,  R.  H.  Smith,  A.  R.  Whiting,  and  D.  S.Grosch,  1970-Biological  re¬ 
sponses  of Habrobracon  to  spaceflight .LifeSci.  Space  Res.,  8:  6-11. 

— — — - — - ,  - - -  and  —  -  ,  1971 -Mutational  and  physiological 

responses  of  Habrobracon  in  Biosatellite  II.  In:  The  Experiments  of  Biosatellite  II., 
NASA  SP-204,  17-39,  Washington,  D.  C. 

Wang,  G.  T.,  1970- Suitability  of  various  species  of  microorganisms  as  food  for  the  free- 
living  stages  of  Trichostrongylus  colubriformis.  /.  Parasitol,  56:  753-758. 

Weinstein,  P.  O.,  W.  L.  Newton,  T.  K.  Sawyer  and  R.  I.  Sommerville,  1969- Nemato¬ 
spiroides  dubius:  development  and  passage  in  the  germfree  mouse,  and  a  comparative 
study  of  the  free-living  stages  in  germfree  feces  and  conventional  cultures.  Trans. 
Amer.  Microsc.  Soc.,  88:  95-117. 


REPRODUCTIVE  HABITS  AND  GROWTH 

OF  BUFO  SPECIOSUS  ON  MUSTANG  ISLAND,  TEXAS, 

WITH  NOTES  ON  THE  ECOLOGY  AND  REPRODUCTION  OF 
OTHER  ANURANS 

By  RICHARD  H.  MOORE 

The  University  of  Texas  Marine  Science  Institute 

Port  Aransas  78373  1 

ABSTRACT 

The  occurrence,  distribution,  and  timing  of  breeding  choruses  of  Bufo  speciosus 
and  Bufo  valliceps  were  studied  in  relation  to  rainfall  and  mean  temperatures  during 
the  years  1971  and  1972  on  Mustang  Island,  Texas.  Growth  rates  of  young  Bufo 
speciosus  were  determined  by  measuring  snout-vent  lengths.  These  data  indicate  a 
growth  rate  of  approximately  10mm  per  month  for  juvenile  toads.  Time  to  metamor¬ 
phosis  for  B.  speciosus  was  18  days.  Activity  of  Bufo  speciosus  and  B  valliceps 
appear  to  be  limited  by  nighttime  temperatures  below  62°  F(17°  C).  Additional 
observations  on  the  breeding  ecology  of  these  species  are  included. 

INTRODUCTION 

Little  is  known  of  the  natural  growth  rates  and  other  population  fea¬ 
tures  of  most  toads,  however,  such  knowledge  is  required  for  a  thorough 
understanding  of  the  biology  of  any  species.  Many  species  of  toads  which 
are  found  in  arid  environments  are  extremely  opportunistic  breeders. 
Reproduction  in  these  species  occurs  in  conjunction  with  periods  of  heavy 
rainfall  and  so  may  be  very  irregular  or  infrequent.  In  such  cases  rigorous 
experimental  or  field  data  may  be  difficult  to  obtain.  Limited  observations 
can  sometimes  provide  sufficient  data  for  determining  some  life-history  fea¬ 
tures  and  anecdotal  observations  provide  additional  data  which  contribute 
to  the  overall  understanding  of  the  relationships  of  a  species  to  its  environ¬ 
ment.  This  paper  reports  a  series  of  observations  made  during  the  years 
1971  through  1972  on  two  species  of  anurans:  the  Texas  toad, Bufo  spe¬ 
ciosus  and  the  Gulf  coast  toad,  Bufo  valliceps,  found  on  Mustang  Island, 
Texas. 


1  Present  address:  Univ.  of  South  Carolina,  Coastal  Carolina  Regional  Campus, 
Conway,  South  Carolina  29526 

The  Texas  Journal  of  Science,  Vol.  XXVII,  No.  1,  March,  1976. 
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METHODS 

Notes  were  kept  on  the  occurrence,  distribution,  and  timing  of  breeding 
choruses  in  relation  to  rainfall  for  both  species.  The  study  area  consisted 
of  a  large  open  area  within  the  city  of  Port  Aransas,  Texas.  The  central  por¬ 
tion  of  the  study  area  was  a  large  pond  surrounded  by  mud  flats  and  fields 
of  grass,  chiefly  coastal  bluestem,  Rhizachyrium  scoparium  var.  littoralis. 
This  central  area  was  bounded  on  all  4  sides  by  paved  streets  and  residential 
developments  in  the  surrounding  blocks. 

Bufo  speciosus  was  the  most  common  anuran  encountered  and  con¬ 
sequently  data  on  this  species  are  more  complete.  Following  1  period  of 
heavy  rainfall  in  the  autumn  of  1971,  growth  rates  of  young  Bufo  spe¬ 
ciosus  were  determined  from  measurements  of  snout-vent  length  of  toads 
captured  and  subsequently  released  again.  Attempts  were  made  to  follow 
growth  of  individual  young  toads  by  toe  clipping  56  individuals,  however, 
none  of  the  marked  animals  were  ever  recovered. 

During  choruses  relatively  large  numbers  of  adults  were  available,  how¬ 
ever  at  other  times  very  few  toads  were  found.  In  most  cases  the  numbers 
of  toads  reported  represent  all  the  toads  which  could  be  found  during  1- 
hour  collection  periods.  Due  to  the  relatively  small  number  of  young  toads 
encountered  and  the  lack  of  other  suitable  breeding  sites  near  the  study 
area,  it  is  likely  that  all  young  toads  came  from  a  single  breeding  popula¬ 
tion. 


RESULTS 

Observations  on  the  timing  of  breeding  choruses  indicate  a  definite 
correlation  with  periods  of  heavy  rainfall.  On  5  April,  1971,  1.75  in 
(44  mm)  of  rain  was  recorded  at  Port  Aransas  on  Mustang  Island.  This  rain¬ 
fall  represented  the  first  major  (over  0.05  in)  precipitation  in  nearly  6 
months  and  so  provided  an  excellent  starting  point  for  observing  reproduc¬ 
tion  and  growth  in  toads.  Following  this  rain,  large  choruses  of  B.  spe¬ 
ciosus  together  with  a  few  B.  valliceps  were  common  about  ponds  in 
flooded  fields  and  mud  flats.  In  spite  of  the  intensity  of  calling,  no  amplex- 
ing  pairs  were  seen  and  no  tadpoles  were  found  in  the  3  largest  ponds  which 
were  visited  several  times  in  the  following  weeks.  It  must  therefore  be 
assumed  that  little  or  no  spawning  occurred  at  this  time. 

The  next  breeding  chorus  occurred  on  10  September,  1971,  during  and 
after  tropical  storm  Fern.  Bufo  speciosus  began  calling  as  the  eye  of  the 
storm  passed  over  Port  Aransas,  and  continued  through  the  latter  part  of 
the  storm.  Between  10  and  15  September,  1971, 5  in  (127  mm)  of  rain  fell 
in  Port  Aransas  and  all  low  areas  of  town  were  extensively  flooded.  Unlike 
the  previous  rain,  the  larger  ponds  remained  for  several  months.  Choruses 
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occurred  on  the  nights  10-14  September  and  amplexing  pairs  were  observed 
on  the  last  3  of  these  nights.  Tadpoles  were  abundant  on  September  21, 
1971.  By  28  September  metamorphosis  of  tadpoles  had  begun,  indicating 
a  minimum  time  to  metamorphosis  of  18  days.  At  this  time  measurements 
of  growth  were  initiated.  Dispersion  from  the  ponds  had  begun  by  4  Octo¬ 
ber  1971,  and  thereafter  small  toads  were  collected  from  a  large  field 
across  the  road  from  the  largest  breeding  pond.  Growth  was  followed 
through  April,  1972,  however  after  this  time  insufficient  numbers  were 
collected  to  distinguish  between  young-of-the-year  and  older  toads. 

Figure  1  presents  the  results  of  these  measurements.  Bufo  speciosus 
grows  about  10  mm  per  month  for  the  first  three  months.  Thereafter  growth 
was  negligible,  but  this  was  most  probably  due  to  cold  winter  temperatures. 
Mean  monthly  temperatures  for  September,  October,  and  November  were 
all  above  72°  F  (22°  C)  and  the  coolest  mean  temperature  recorded  during 
these  months  was  69°  F  (20.5°  C).  Mean  temperatures  remained  below 
72°  F  through  March  1972  and  during  this  time  toads  were  not  often  ob¬ 
served.  During  a  warm  spell  in  January,  1972,  temperatures  remained 
above  72°  F,  with  daytime  highs  above  90°  F  (32°  C)  for  almost  one  week 
and  many  toads  were  observed.  Bufo  speciosus  and  B.  valliceps  were  again 
apparent  in  April  when  the  mean  monthly  temperature  was  75°  F  (24°  C). 
Both  species  of  Bufo  were  primarily  active  at  night  and  in  these  species 
activity  would  seem  to  be  limited  at  nighttime  temperatures  below  62°  F 
(17°  C). 

Not  only  temperature,  but  also  rainfall  was  Associated  with  the  spring 
emergence  of  toads.  The  1 .8  in  (45m'm)  of  rain  on  27  April,  1972,  brought 
out  large  numbers  of  B.  speciosus  and  B.  valliceps.  Two  other  anurans, 
Hyla  cinerea  and  Scaphiopus  holbrooki  were  also  observed  at  this  time. 
The  smallest  B.  speciosus  at  this  time  were  about  the  same  size  as  in 
November  1971  indicating  that  little  growth  had  occurred  during  the  win¬ 
ter.  Adults  were  considerably  larger  (see  Figure  1)  so  it  would  appear  that 
reproductive  animals  must  be  at  least  1  year  old.  Adult  females  were 
noticeably  larger  than  adult  males. 

Differences  in  habitat  and  chorusing  habits  were  noted  between  the  2 
species  of  Bufo.  In  general,  Bufo  valliceps  was  more  common  in  residential 
areas  with  well  watered  lawns  and  showed  an  affinity  for  concrete  slabs, 
under  which  they  often  burrowed.  B.  speciosus  was  most  common  in  the 
drier  areas  of  town,  occurring  in  vacant  lots  and  fields  adjacent  to  houses 
so  that  both  species  of  Bufo  were  found  together.  Reproduction  occurred 
in  open  ponds  without  submerged  vegetation,  like  the  central  pond  of  the 
growth  study  area.  Calling  males  were  usually  situated  on  prominent  spots 
about  the  edge  of  the  pond.  Bufo  valliceps  was  not  observed  to  breed, 
however,  infrequent  calling  males  were  found  close  to  the  banks,  either  in 
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SNOUT  -  VENT  LENGTH  (mm) 


Figure  1.  Growth  of  juvenile  Bufo  speciosus  on  Mustang  Island,  Texas  during  1971- 
1972.  Circles  represent  sample  means,  vertical  lines  extend  1  standard  deviation  to  either 
side  of  the  mean,  numbers  above  or  beside  represent  the  sample  sizes.  Adult  toads  are 
separated  by  sex.  The  lowest  point  on  the  curve  represents  tadpoles,  other  points  repre¬ 
sent  toads. 
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or  out  of  the  water,  in  the  same  ponds  as  B.  speciosus.  B.  valliceps  males 
did  not  call  from  knolls,  ledges,  or  low  vegetation;  sites  which  seemed  to 
be  favored  by  B.  speciosus  males.  Scaphiopus  holbrooki  and  Hyla  cinerea 
choruses  occurred  in  flooded  fields  which  were  densely  vegetated.  Male 
spadefoot  toads  called  while  floating  in  the  water  or  sitting  on  floating 
objects.  Tree  frogs  called  from  vegetation.  These  2  species  were  much  less 
common  than  the  2  species  of  Bufo  at  times  other  than  during  their  breed¬ 
ing  choruses. 

DISCUSSION 

Life  history  and  population  studies  on  anurans  are  not  common,  and  in¬ 
formation  on  the  Texas  toad ,Bufo  speciosus,  is  especially  scarce.  B.  spe¬ 
ciosus  is  a  common  toad  throughout  most  of  Texas,  and  is  found  elsewhere 
from  Kansas  to  northern  Mexico  (Conant,  1958)  where  it  inhabits  short- 
grass  prairies,  cultivated  areas,  and  me squite -savannah  areas.  Bragg  and 
Smith  (1943)  give  details  on  the  ecology  of  the  species  (  as  B.  compactilis ) 
in  Oklahoma.  Their  findings  and  those  of  the  present  study  largely  con¬ 
form;  B.  speciosus  is  essentially  a  nocturnal  toad  which  breeds  in  shallow, 
temperary  ponds  following  heavy  rains  from  April  through  September. 
Growth  rates  and  age  at  maturity  for  B.  speciosus  have  not  previously  been 
reported.  Wright  and  Wright  (1949)  report  transformation  at  40-60  days, 
while  in  the  present  case  transformation  appeared  to  occur  in  only  18  days. 
This  discrepancy  is  hard  to  explain.  It  is  difficult  to  see  when  the  toads 
might  have  bred  before  the  early  September  rains  and  the  absence  of  tad¬ 
poles  later  in  the  autumn  also  indicates  that  transformation  from  tadpole 
to  toad  occurs  as  observed.  Perhaps  the  older  data  pertain  to  different 
environmental  conditions,  such  as  lower  temperatures  which  should  delay 
growth  and  metamorphosis. 

Blair  (1953)  reported  that  B.  valliceps  matures  at  10  months  and  cites 
other  estimates  of  age  at  maturity  for  other  species  of  Bufo  between  18 
months  and  2  years.  The  small  toads  in  this  study  were  born  in  Septem¬ 
ber  at  the  end  of  the  breeding  period.  If  these  toads  continued  to  grow 
8-10  mm  per  month  during  the  following  summer  they  would  reach  a  size 
comparable  to  that  of  their  parents  about  the  time  they  were  10  months 
to  1  year  old.  Presumably  toads  born  earlier  in  the  same  year  would  reach 
sufficient  size  for  maturity  and  have  the  opportunity  to  breed  during  the 
following  breeding  season  when  they  were  1  year  to  18  months  old. 

Insufficient  data  are  available  on  the  other  anurans  encountered  in  this 
study  for  conclusions  to  be  drawn  about  their  growth  or  specific  breeding 
habits.  From  the  studies  of  Blair  (1953)  and  Thornton  (1960)  £.  valliceps 
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appears  to  be  less  tolerant  of  arid  conditions  than  B.  speciosus,  and  the  dry 
spring  and  summer  of  1971  may  have  prevented  this  species  from  reproduc¬ 
ing  in  that  year. 

I  wish  to  thank  Dr.  E.  William  Behrens  for  supplying  the  climatological 
data  and  the  Port  Aransas  Police  for  their  patience  with  my  nocturnal  expe¬ 
ditions. 
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POPULATION  DYNAMICS  OF  THE  SAN  MARCOS 
SALAMANDER,  EUR  YCEA  NANA  BISHOP 


by  DIANNA  DOWDEN  TUPA1  and  WILLIAM  K.  DAVIS 

Department  of  Biology ,  Southwest  Texas  State  University ,  San 
Marcos  78666 

ABSTRACT 

Results  of  a  study  of  the  population  ecology  and  demography  of  a  paedogenetic  spe¬ 
cies  of  salamander,  Eurycea  nana  Bishop,  endemic  to  the  San  Marcos  River,  San  Marcos, 
Texas,  are  presented.  The  physical,  chemical  and  biotic  aspects  of  the  natural  habitat  are 
reported  and  evaluated.  Information  is  given  regarding  the  food  habits,  the  reproductive 
conditions,  the  population  density  and  range,  and  the  existence  of  predators  of  the 
species. 


INTRODUCTION 

In  the  springs  and  underground  water  systems  of  the  Edwards  Plateau  and 
Balcones  Escarpment  region  of  Texas  there  occur  7  described  species  of  the 
lungless  plethodontid  salamanders  of  the  genus  Eurycea.  The  genus  Eurycea 
occurs  only  in  eastern  and  south-central  North  America,  and  although  all  spe¬ 
cies  have  aquatic  larvae,  only  the  7  paedogenetic  species  of  Texas  md  Eury¬ 
cea  tynerensis  Moore  and  Hughes  of  northeastern  Oklahoma  retain  their  larval 
habits  for  life. 

In  Texas  most  of  these  species  exist  as  small,  isolated  allopatric  popula¬ 
tions  confined  to  a  particular  aquiferous  limestone  cave  or  spring.  Six  species, 
Eurycea  nana  Bishop  (1941),  Eurycea  latitans  Smith  and  Potter  (1946), 
Eurycea  pterophila  Burger,  Smith  and  Potter  (1950),  Eurycea  troglodytes 
Baker  (1957),  Eurycea  tridentifera  Mitchell  and  Reddell  (1965),  and  Eurycea 
rathbuni  (Stejneger)  Mitchell  and  Reddell  (1965)  are  presently  counted  as  en¬ 
demic  forms,  each  known  only  from  a  very  restricted  aquatic  locale. 

Eurycea  nana,  the  San  Marcos  Salamander,  is  a  paedogenetic  species  en¬ 
demic  to  the  headwaters  of  the  San  Marcos  River  in  San  Marcos,  Hays  Coun¬ 
ty,  Texas.  Subsequent  to  its  formal  description  (Bishop,  1941),  little  has  been 
done  to  evaluate  the  ecology  or  life  history  of  this,  the  smallest  of  the  eury- 
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ceas.  Five  principal  studies  have  been  conducted  with  Eurycea  nana;  they 
include  2  thyroxin -induced  metamorphosis  studies  (Potter  and  Rabb,  1960; 
Andrews,  1962),  a  determination  of  oxygen  consumption  of  the  species 
(Norris,  et  al.,  1963),  an  unpublished  chromosome  study  (Bogart,  1967) 
and  an  unpublished  morphological  study  (Schwetman,  1967).  Other  pub¬ 
lished  and  unpublished  studies  which  have  involved  Eurycea  nana  include 
those  of  Baker  (1961),  Wake  (1966),  Mitchell  and  Smith  (1972),  Hamilton 
(1973),  Barrett  (1973)  and  Barnhart  (1975). 

MATERIALS  AND  METHODS 

Preliminary  examination  of  the  habitat  of  Eurycea  nana  along  the  nor¬ 
thern  bank  of  Spring  Lake  began  in  June  of  1967.  The  3  to  6  feet  deep  waters 
along  the  northern  bank  were  explored  in  swim  apparel  and  various  sampling 
devices  and  methods  of  collecting  the  San  Marcos  Salamander  were  evaluated. 
Subsequently,  an  adequate  and  practical  collecting  bag  and  method  for  taking 
samples  was  devised. 

The  cloth  bag,  which  proved  far  superior  to  any  metallic  sampler  or  dip 
nets  considered,  consisted  of  a  small  sack  of  heavy  muslin  with  a  mesh  bot¬ 
tom.  A  heavy  wire  was  inserted  into  the  cloth  binding  at  the  mouth  of  the 
bag  and  bent  to  form  a  square  which  measured  15  cm  on  each  side.  Hinges 
were  formed  by  separating  the  wire  at  opposite  corners  of  the  square  and  re¬ 
uniting  the  wires  by  means  of  loops,  thus  providing  a  sampling  bag  which 
would  open  fully  and  close  tightly  and  sample  a  225 -cm2  area.  This  sampler 
was  lightweight,  easy  to  operate  under  water,  and  precluded  the  escape  of 
even  the  smallest  specimens.  Amphipods  of  sizes  less  than  those  of  the 
smallest  Eurycea  were  trapped  by  the  mesh. 

Initial  samplings  with  the  bag  indicated  that  approximately  3  salamanders 
per  sample  could  be  expected.  To  obtain  statistically  adequate  numbers,  it 
was  decided  that  8  randomly  spaced  samples  should  be  made  each  day  collec¬ 
tions  were  taken.  Collections  were  made  weekly  prior  to  September,  1967, 
and  bimonthly  from  September  through  June  of  1968.  The  225-cm2  samples 
were  taken  after  points  on  a  map  of  the  collection  site  were  chosen  at  ran¬ 
dom.  The  uniformity  of  the  sample  size,  especially  in  terms  of  area,  and  the 
random  gathering  of  such  samples  was  essential  to  the  subsequent  calculation 
of  the  population  density  and  total  population  estimates. 

Each  sample  was  taken  under  water  by  placing  the  sampling  bag  in  the 
open  position  over  the  spot  to  be  sampled  and  forcing  it  completely  to  the 
substratum.  The  hinged  mouth  of  the  device  was  closed  as  the  lake  bottom 
was  reached.  All  vegetaion  above  the  substratum,  including  approximately 
15  mm  of  the  sand  and  gravel  bottom,  was  taken  in  the  samples  to  assure  that 
all  salamanders  in  that  225-cm2  area  would  be  included.  The  salamanders  and 
any  other  fauna  of  macroscopic  size  taken  in  the  samples  were  immediately 
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preserved  in  10%  formalin.  The  wet  weights  (blotted  dry)  and  dry  weights 
(oven  dried)  of  the  sampled  vegetation  were  determined  for  each  sample.  It 
was  intended  that  the  wet  and  dry  weights  of  the  vegetation  harboring  Eury¬ 
cea  nana  in  the  sample  quadrats  would  serve  to  further  estimate  the  density 
of  the  species  in  that  sampled  locality. 

Each  of  the  8  samples  taken  on  a  collection  day  were  treated  in  the  same 
manner  as  described  above,  and  all  sampled  points  were  recorded  on  a  map  of 
the  area.  All  samples  were  taken  between  1200  and  1900  hours,  the  8  samples 
generally  requiring  3  hours  to  complete.  Swim  fins,  a  face  mask,  a  snorkel, 
and  occasionally  a  wet  suit  were  employed  in  the  one  year’s  study. 

The  chemical  and  physical  conditions  of  the  lake’s  waters  within  and  with¬ 
out  the  range  of  the  salamander  population  were  determined  3  times  during 
November,  1967.  For  oxygen  determinations,  the  Winkler  Method  (titrations 
performed  in  triplicate)  and  the  Yellow  Springs  Instrument  Company  direct- 
reading  oxygen  meter  were  used.  Conductivity  was  measured  with  a  specific 
conductance  meter,  pH  with  the  BTB  (bromthymol  blue)  disc  in  the  Hellige 
pH  apparatus  and  with  a  Beckman  pH  meter,  and  temperatures  with  a  Faren- 
heit  laboratory  thermometer  and  a  Yellow  Springs  Instrument  Company 
thermistor  thermometer.  Methyl  orange  and  phenol phthalein  alkalinities  were 
determined  by  dilute  sulfuric  acid  titrations  performed  in  duplicate. 

The  morphometry  of  the  upper  end  of  Spring  Lake  was  determined  in  De¬ 
cember,  1967,  when  a  general  outline  and  contour  map  of  the  area  was  con¬ 
structed  following  mapping  with  the  following:  plane  tables,  alidades,  level, 
compass,  boat,  depth  meter,  pole,  and  crew  of  four.  Contours  were  drawn  for 
2  feet  intervals. 

In  the  laboratory,  observations  of  gravid  female  Eurycea  nana  were  made; 
specimens  were  maintained  in  25  mm  of  lake  water  in  large  (200  x  70  mm) 
culture  dishes.  No  attempt  was  made  to  adjust  the  temperature  of  the  water 
to  that  of  the  natural  habitat  of  E.  nana  ;  water  in  the  dishes  assumed  the  am¬ 
bient  temperature  of  the  air-conditioned  laboratory,  which  was  generally 
several  degrees  Celcius  higher  than  the  Spring  Lake  waters. 

Information  regarding  the  nature  of  the  physical  habitat  of  Eurycea  nana , 
the  existence  of  predators  of  the  species,  the  preference  and  abundance  of 
food  items,  and  the  co-inhabitance  of  the  ecosystem  by  other  macroscopic 
organisms  was  compiled  from  field  observations  as  well  as  from  laboratory  ex¬ 
amination  of  samples  collected  and  preserved.  Measurements  of  807  sala¬ 
manders  collected  were  taken  from  preserved  specimens  to  the  nearest  0.1 
mm  with  a  vernier  caliper;  total  and  snout-vent  lengths  greater  than  15  mm. 
All  other  specimens  were  deemed  juvenile,  as  no  reproductive  structures 
could  be  discerned  in  these  small  individuals.  The  larger  specimens  were  sexed 
by  slitting  the  abdominal  wall  from  the  region  of  the  liver  to  the  vent,  thus 
exposing  the  region  of  the  gonads.  If  the  reproductive  structures  were  visible, 
they  were  evaluated  and  recorded  as  to  size  and  degree  of  development. 
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Analyses  of  stomach  and  intestinal  tract  contents  of  more  than  80  preserved 
salamanders  were  made  in  order  to  ascertain  the  diet  of  Eurycea  nana  in  its 
natural  habitat. 

DESCRIPTION  OF  THE  HABITAT 

The  headwaters  of  the  San  Marcos  River  originate  within  the  city  of  San 
Marcos,  Texas,  along  the  Balcones  Fault  Line  which  divides  the  city  between 
the  Blackland  Prairie  to  the  east  and  the  eroded  Edwards  Plateau  region  to 
the  west.  Numerous  springs  emanate  from  the  limestone  formations  to  fill 
Spring  Lake  which  forms  the  uppermost  waters  of  the  38  mile  long  San  Mar¬ 
cos  River.  These  springs  are  supplied  by  waters  from  the  extensive  Edwards 
Underground  Water  Reservoir. 

The  habitat  of  Eurycea  nana  at  the  upper  end  of  the  lake  is  well  insulated 
against  physical  or  chemical  changes  which  might  result  from  local  flooding. 
Likewise,  drouths  in  the  region  have  proven  no  threat  to  the  water  flow  from 
the  aquifer  through  the  San  Marcos  springs;  these  springs  have  continued  to 
flow  when  other  springs  along  the  Balcones  Escarpment  have  run  dry. 

The  many  large  springs  which  supply  Spring  Lake  and  the  upper  San  Mar¬ 
cos  River  are  responsible  for  the  remarkable  thermal  stability  of  these  waters 
throughout  the  year.  In  the  immediate  vicinity  of  the  springs,  the  water  tem¬ 
perature  is  always  between  21 .0  and  21 .5°  C. 

On  22  and  26  November  1967,  the  physical  and  chemical  conditions  of  3 
loci  within  and  immediately  without  the  collection  area  of  Eurycea  nana  were 
recorded.  The  measurements  and  determinations  for  the  one  nighttime  and  2 
daytime  determinations  are  given  in  Table  1 .  The  loci  sampled  are  indicated 
on  the  map  presented  as  Figure  1 .  Reproducibility  of  pH  readings  was  diffi¬ 
cult  to  achieve;  therefore,  variations  in  pH  readings  between  the  loci  recorded 
in  Table  1  should  be  regarded  as  insignificant.  The  water  issuing  from  the 
spring  in  the  vicinity  of  loci  B  and  C  (within  the  population  range  of  E.  nana) 
was  28-41%  saturated  with  oxygen  and  remained  a  constant  21.1°  C  (71-72° 
as  measured  with  a  Farenheit  thermometer).  In  contrast,  at  locus  A  (outside 
the  E.  nana  population  range)  the  waters  were  40-63%  saturated  with  oxygen. 
These  higher  values  may  be  explained  in  terms  of  the  abundant  oxygen-pro¬ 
ducing  vegetation  in  this  region,  the  stillness  of  the  waters,  the  greater  depth 
of  the  waters,  and  the  absence  of  springs  in  the  area.  Higher  oxygen  con¬ 
tent  is  to  be  expected  in  such  a  vegetated  region,  particularly  during  day¬ 
light  hours.  Methyl  orange  alkalinity  determinations  generally  ranged  from 
220-232  mg/1  and  specific  conductance  from  510-535  micromhos/cm  at  each 
of  the  loci. 

In  the  immediate  vicinity  of  the  Eurycea  nana  habitat  a  wide  variety  of 
aquatic  macrophytes,  including  macroscopic  algae  as  well  as  aquatic  angio- 
sperms,  are  found.  More  than  49  species  of  aquatic  macrophytes,  exclusive  of 
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the  algae,  have  been  reported  from  Spring  Lake  (Bruchmiller,  1973).  In  the 
shallower  depths  of  3  to  8  feet,  Sagittaria  platyphylla  (Engelm.)  J.  G.  Smith 
predominates  where  there  is  some  amount  of  organic  detritus  available  in  the 
substratum.  Myriophyllum  brasiliense  Cambess.,  Myriophyllum  heterophyl- 
lum  Michx.,  Ludwigia  repens  Forst.,  Vallisneria  americana  Michx.,  and  the 
carnivorous  Utricularia  gibba  L.  also  inhabit  the  waters  of  depths  less  than  8 
feet.  Entirely  limited  to  the  collection  area  is  a  particular  species  of  aquatic 
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moss,  Leptodictyum  riparium  (Hedw.)  Warnst.,  which  grows  attached  to  the 
concrete  banks  and  sumberged  boulders  in  the  37-meter-long  habitat  of  Eury- 
cea  nana. 

Spirogyra  and  a  few  other  species  of  filamentous  green  alga  are  present  at 
times  in  the  collection  area,  but  the  dominant  macroscopic  algae  is  a  large,  fil¬ 
amentous,  thick-sheathed  species  of  Lyngbya,  a  blue  green  form  (Cyanophy- 
cophyta,  Oscillatoriales).  The  dense,  wooly  mats  of  this  reddish -brown- 
colored  cyanophycean  alga  cover  most  of  the  substratum  in  the  Eurycea  nana 


Figure  1.  Contour  map  of  the  uppermost  region  of  Spring  Lake,  San  Marcos,  Texas. 
Contours  drawn  at  2-foot  intervals. 


habitat.  The  Lyngbya  sp.  appears  to  be  selectively  adapted  to  conditions  of 
shallow,  spring-fed  waters. 

In  deeper  waters,  Cabomba  caroliniana  Gray  and  Egeria  densa  Planch,  be¬ 
come  the  dominant  macrophytes  of  the  mud-and-detritus-laden  benthic  re¬ 
gion.  On  the  contour  map  of  the  upper  Spring  Lake  area  presented  as  Figure 
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1 ,  symbols  representing  the  dominant  aquatic  macrophytes  of  the  various  re¬ 
gions  have  been  placed. 

The  aquatic  moss  and  the  blue-green  algal  masses  contain  a  varied  biota. 
An  abundance  of  tendipid  larvae,  many  amphipods  (predominantly  Hyalella 
azeteca  and  Gammarus  sp.),  occasional  hydracnids,  and  many  small  aquatic 
snails  inhabit  this  vegetation.  Leeches  (Placobdella  sp.  and  others)  and 
planiarians  were  also  numerous,  especially  in  samples  taken  over  rocky  sub¬ 
strates.  In  a  determination  of  amphipod  content  of  aquatic  moss  samples  in 
which  the  small  crustaceans  were  collected  in  a  set  of  graded  sieves,  up  to 
87  amphipods  per  g  dry  weight  of  the  moss  were  found. 

Tendipid  larvae  and  pupae  and  amphipods  were  the  usual  food  items  re¬ 
vealed  in  the  salamander  stomachs  and  intestines.  In  the  digestive  tracts  the 
chitinous  remains  of  the  amphipods  were  yellow  in  color,  the  midge  fly  larvae 
a  reddish-yellow  color,  and  the  pupae  were  dark  brown  or  black.  On  occa¬ 
sions  other  insect  pupae  and  naiads,  as  well  as  small  snails,  were  found  in  the 
digestive  tracts.  Other  items,  apparently  taken  in  incidentally  with  the  normal 
food  of  the  salamanders,  included  grains  of  sand  and  filaments  of  the  dark 
cyanophycean  alga,  Lyngbya. 

Frequently  occupying  the  same  niche  as  Eurycea  nana  was  the  Fountain 
Darter,  Etheostoma  fonticola  Jordan  and  Gilbert,  which  displays  many  of  the 
same  feeding  and  protective-concealment  habits  of  the  former.  The  darters 
were  observed  to  feed  on  amphipods  in  laboratory  aquaria  and  in  the  lake. 
They,  like  the  salamanders,  were  found  within  aquatic  moss  growths  or  algal 
mats,  as  well  as  secreted  beneath  and  alongside  stones;  they  are  definitely  not 
free  swimming  as  are  the  other  nektonic  fish  in  the  area.  As  their  name  im¬ 
plies,  the  darters  move  along  the  substrate  in  rather  swift  waters  in  a  darting 
manner;  their  enlarged  pectoral  fins  enable  them  to  overcome  the  current  and 
to  lodge  themselves  in  crevices  and  within  the  mesh  of  vegetation.  The  maxi¬ 
mum-sized  individuals  collected  had  a  standard  length  of  25 .0  mm,-  which  is 
about  Vi  the  size  of  the  maximum  total  length  of  Eurycea  nana. 

The  obvious  predators  of  the  San  Marcos  Salamander  are  shared  by  the 
Fountain  Darter.  Several  species  of  sunfish  constantly  hover  over  and  around 
the  shallow,  spring-fed  area  which  is  dense  with  aquatic  moss  and  Lyngbya. 
Stomach  content  analysis  of  7  of  these  sunfish  (6  specimens  of  Lepomis 
auritus  and  one  of  Chaenobryttus  coronarius)  revealed  insect  larvae,  amphi¬ 
pods,  terrestrial  isopods,  filamentous  algae,  aquatic  snails,  freshwater  shrimp 
( Palaemonetes  paludosa),  and  Fountain  Darters  as  inclusions  in  their  diet.  Al¬ 
though  no  Eurycea  nana  were  found  in  these  7  fish,  on  several  occasions  the 
sunfish  were  observed  to  seize  salamanders  as  the  senior  author  released  them 
back  into  their  natural  habitat.  Crayfish  were  frequently  collected  in  the  sam¬ 
ples;  they,  too,  may  be  predators  of  Eurycea  nana.  Occasionally  stinkpot  tur¬ 
tles  ( Stemotherus  odoratus)  were  sighted  in  the  area  and  collected  in  the  sam¬ 
ples. 
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Bullheads  ( Ictalurus  melas)  and  largemouth  bass  ( Micropterus  salmoides) 
also  frequent  the  habitat  of  Eurycea  nana,  especially  at  night.  They  are,  how¬ 
ever  highly  unlikely  predators  of  the  salamanders  due  to  the  nature  of  their 
feeding  habits. 

DEMOGRAPHY 
Size  and  Growth 

Data  compiled  from  measurements  and  examination  of  the  reproductive 
structures  of  the  807  specimens  of  Eurycea  nana  enabled  certain  facts  to  be 
determined  concerning  the  growth  of  this  species. 

In  analysis  of  the  sexable  male  salamanders,  the  degree  of  development  of 
the  testes  was  evaluated  and  recorded  for  each  individual.  From  graphic  repre¬ 
sentation  of  these  data  as  presented  in  Figure  2,  it  can  be  determined  that 
males  reach  sexual  maturity,  i.e,  possess  at  least  one  full  lobe  in  each  testis, 
only  after  having  reached  a  snout-vent  length  of  19  mm.  Likewise,  it  is  shown 
that  those  individuals  that  have  snout-vent  lengths  greater  than  23.5  mm  are 
inevitably  mature,  having  from  one  to  more  than  2  testes  lobes.  The  figures 
along  the  ordinate  axis  of  the  graph  indicate  the  relative  sizes  of  the  testis- 
lobe  classes  used.  It  was  on  the  basis  of  accounts  and  aspects  of  the  multiple- 
lobed  testis  of  urodeles  given  by  Humphrey  (1922)  that  this  criterion  for 
determination  of  sexual  maturity  in  Eurycea  nana  was  used.  In  his  study  of 
Desmognathus  fuscus,  Spight  (1967)  correlated  the  age  of  male  individuals 
with  the  number  of  testis  lobes. 

The  sexable  female  Eurycea  nana,  or  those  which  carried  eggs  of  any  size 
and  number,  were  grouped  into  classes  that  represented  degrees  of  sexual  ma¬ 
turity  based  on  the  relative  sizes  and  pigmentations  of  the  ova.  For  Eurycea 
nana  females,  the  following  4  egg  size  categories  were  ascertained,  and  dis¬ 
sected  individuals  were  ascribed  to  the  category  best  describing  the  most  de¬ 
veloped  eggs  in  the  ovaries:  very  small  clear  ova,  small  opaque-white  ova, 
small  yellow  ova,  and  large  yellow  ova.  Similar  classes  of  egg  development 
were  used  by  Spight  (1967)  in  describing  the  eggs  of  Desmognathus  fuscus. 
Eurycea  nana  females  that  carried  the  large  yellow  ova  were  considered  gravid 
and  presumably  ready  to  release  their  eggs.  Data  are  presented  graphically  in 
Figure  3  indicating  the  relationship  of  conditions  of  the  ova  to  the  snout- 
vent  lengths  of  the  females.  The  absence  of  well-developed  ova  in  a  number  of 
the  larger  females  may  be  explained  by  the  fact  that  the  salamanders  may 
have  already  released  mature  ova  and  only  recently  resumed  the  production 
of  new  ones  in  the  ovaries. 

The  largest  ova  in  any  gravid  Eurycea  nana  were  1. 5-2.0  mm  in  diameter. 
Salamanders  which  carried  eggs  of  this  size  could  hardly  accommodate  more 
than  20  such  eggs  in  the  abdominal  region.  Although  the  actual  egg-laying  by 
Eurycea  nana  has  never  been  observed  and  no  eggs  have  been  collected  from 
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Figure  2.  Correlation  of  snout-vent  lengths  with  testes  lobes  in  Eurycea  nana  males. 
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Figure  3.  Correlation  of  snout-vent  lengths  with  egg  sizes  in  Eurycea  nana  females. 
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the  habitat,  courtship  and  egg  deposition  should  not  prove  to  be  unlike  that 
reported  for  another  neotenic  eurycea,  Eurycea  neotenes  Bishop  and  Wright, 
from  the  Edwards  Plateau  region  of  Texas  (Bogart,  1967). 

The  eggs  and  larvae  of  the  troglobitic  Eurycea  lucifuga  Rafinesque  from 
Missouri  were  observed  in  nature  and  described  by  Myers  (1958).  The  mea¬ 
surements  of  the  eggs  agreed  well  with  those  obtained  from  the  same  species 
by  pituitary  gland  implantation  (Barden  and  Kezer,  1944).  Myers  found  eggs 
in  various  stages  of  development  from  early  cleavage  to  advanced  embryonic 
stages,  attached  singly  to  the  bottom  and  the  sides  of  submerged  rocks  in  a 
stream  issuing  through  a  cave  wall.  He  collected,  measured,  and  described 
newly  hatched  larvae  which  were  just  breaking  from  the  eggs.  All  measured 
1 1  mm  in  total  length,  were  sparsely  pigmented  dor  sally  with  grayish  chroma- 
tophores,  and  had  immaculate  ventral  surfaces,  gill  buds,  and  limb  buds. 

A  single  Eurycea  nana  hatchling  collected  10  May  1968,  which  closely 
resembled  the  descriptions  of  the  Eurycea  lucifuga  larvae  given  by  Myers,  is 
illustrated  in  Figure  4.  The  Eurycea  nana  specimen,  however,  measured  only 
8.2  mm  in  total  length.  The  front  limbs  were  represented  by  elongate  buds, 
and  the  hind  limbs  by  very  small  protuberances.  The  venter  was  a  pale  yellow 
due  to  the  presence  of  the  yolk,  and  the  gular  region  was  immaculate.  The 
gular  flap  was  present,  but  no  gill  buds  could  be  discerned  in  the  preserved 
specimen.  Light  gray  chromatophores  covered  the  dorsal  and  caudal  surfaces, 
and  the  eyes  were  darkly  pigmented. 


Figure  4.  Eurycea  nana  hatchling  collected  10  May  1968  as  compared  with  eggs 
taken  from  a  gravid  female  collected  29  November  1967. 

A  total  of  7  Eurycea  nana  still  possessing  yolk  on  the  venter  (indicating 
the  postembryonic  stage  when  the  intestines  are  not  fully  developed)  were 
collected  in  February,  May  and  June  of  1968.  They  ranged  in  total  length 
from  8.2  to  13.6  mm,  which  indicates  that  growth  in  length  of  the  salaman¬ 
der  must  be  rapid  following  hatching.  The  largest  San  Marcos  Salamander, 
collected  in  February  of  1968,  had  a  snout -vent  length  of  31.2  mm  and  a 
total  length  of  56.4  mm. 
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Population  Structure 

The  structure  of  the  Eurycea  nana  population  throughout  the  year  is 
necessarily  dependent  on  the  reproductive  habits  of  the  species.  In  order  to 
determine  the  breeding  season  of  Eurycea  nana,  the  smallest  juvenile  encoun¬ 
tered  in  each  month  of  collections  was  recorded  and  graphed  (Fig.  5).  For 
contrast,  the  largest  adult  from  each  month’s  collections  was  also  plotted. 


Figure  5.  Comparison  of  the  snout-vent  lengths  of  the  largest  and  the  smallest  Eury¬ 
cea  nana  collected  during  a  one-year  period. 


The  Finding  of  very  small  larvae  during  every  month  of  the  year  serves  to  sup¬ 
port  the  hypothesis  that  this  population  breeds  in  every  season  of  the  year.  In 
further  support  of  non-seasonal  breeding  by  the  species,  Figure  6  shows  that 
gravid  females  and  females  with  ova  in  advanced  stages  of  maturity  occur  in 
nearly  every  month  of  the  year.  Bogart  also  observed  egg-bearing  females  and 
very  small  specimens  of  Eurycea  nana  in  almost  every  season  (Bogart,  1967). 

The  population  structure  for  3  different  periods  of  the  year  is  presented  in 
Figure  7.  Four  categories,  based  on  specimen  maturity  and  reproductive  con¬ 
dition,  were  established  to  separate  the  collected  individuals  into  groups  for 
comparison  of  their  relative  abundances  in  the  various  seasons.  The  June 
through  September  data  were  obtained  from  the  analysis  of  242  individuals, 
the  October  through  January  data  from  362  specimens,  and  the  February 
through  May  data  from  203  specimens.  The  remarkable  stability  of  the  popu- 
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lation  throughout  the  year  is  obvious,  further  supporting  the  hypothesis  that 
there  is  no  definite  breeding  season. 


DATE  OF  COLLECTION 

Figure  6.  The  occurrence  of  larger  ova  and  small  juveniles  (less  than  12  mm  total 
length)  during  a  one-year  period. 

Population  Density  and  Range 

The  shallow  area  of  Spring  Lake  along  the  northern  bank  is  believed  to 
constitute  the  range  of  the  only  stabilized  population  of  Eurycea  nana.  This 
salamander  has  been  found  in  other  parts  of  Spring  Lake  and  downstream  in 
the  upper  San  Marcos  River  by  others  (Brown,  1950)  and  by  the  writers,  but 
it  is  the  opinion  of  the  writers  that  those  individuals  sighted  represent  only 
temporary  residents  of  the  areas  in  question. 

In  late  summer  and  early  fall,  the  dense,  woolly  mats  of  Lyngbya  frequent¬ 
ly  stratify  from  the  substratum  to  the  surface  of  the  water  as  a  result  of  oxy¬ 
gen  accumulation  among  the  filaments.  Entire  mats  are  occasionally  freed  and 
float  downstream.  In  this  manner,  Eurycea  nana  harbored  in  the  mats  could 
be  distributed  to  virtually  any  part  of  the  lake  or  river.  Such  displaced  indivi¬ 
duals  could  survive  for  limited  periods  of  time  in  their  new  habitats,  but  it  is 
highly  unlikely  that  permanent  populations  would  be  established  which  could 
breed  successfully,  withstand  flooding,  or  survive  other  changes  in  the  physi¬ 
cal  and  chemical  conditions  of  the  waters. 

To  estimate  the  population  density  within  the  collection  area,  the  average 
number  of  salamanders  per  sample  quadrat  was  determined,  and  this  figure 
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Figure  7.  Population  structure  of  Eurycea  nana  during  3  portions  of  a  one-year 
period. 

was  converted  into  the  number  of  salamanders  which  could  be  expected  in 
the  entire  area  sampled.  Based  on  216  samples,  the  average  wet  weight  of  the 
vegetation  per  salamander  collected  was  32  g  and  the  average  dry  weight  was 
7  g.  The  average  wet  and  dry  weights  of  the  vegetation  per  sample  in  192  col¬ 
lections  were  70  and  16  grams,  respectively.  From  the  preceding  averages,  the 
average  number  of  salamanders  per  sample  was  determined  to  be  2.2  for  the 
wet  weight  figure  and  2.3  for  the  dry  weight  figure.  Not  all  of  the  232  sam¬ 
ples  taken  were  used  in  the  computations  because  some  of  the  earlier  sam¬ 
ples  were  not  made  with  the  sampling  bag.  The  average  number  of  Eurycea 
nana  per  sample  was  also  figured  directly  from  219  samples  in  which  567  sal¬ 
amanders  were  captured;  a  figure  of  2.6  was  obtained  which,  on  the  basis  of 
area,  would  indicate  2.6  salamanders  per  225  cm2  . 

The  total  area  of  the  region  sampled,  which  is  deemed  to  encompass  the 
entire  salamander  population,  was  determined  by  counting  squares  on  a  grid 
map  of  the  area  and  was  -approximated  to  be  180  square  meters.  On  the  basis 
of  219  225-cm2  samples  taken,  this  reflects  that  approximately  5  square 
meters  were  actually  covered  in  the  random  sampling  during  the  12  months. 

The  population  density  and  estimate  of  the  total  population  in  this  area 
was  made  with  the  use  of  the  2.6  salamanders  per  sample  figure;  by  conver¬ 
sion  this  establishes  116  individuals  per  square  meter.  On  the  basis  of  the  180- 
square-meter  area,  a  population  estimate  of  20,880  is  obtained.  It  is  unlikely 
that  this  figure  represents  an  underestimate  of  the  population  size,  inasmuch 
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as  barren  boulders  and  spring  issuance  areas  were  not  sampled  due  to  the  lack 
of  vegetation.  Were  the  2.2  and  2.3  salamanders  per  sample  figures  (based  on 
the  wet  and  dry  weight  vegetation  determinations)  used  in  lieu  of  the  2.6 
figure,  a  total  population  estimate  of  17-18,000  would  be  obtained. 

DISCUSSION 

The  uniqueness  of  the  habitat  of  the  Eurycea  nana  population  is  probably 
responsible  for  restriction  of  the  species  to  that  locale.  The  nature  of  the  sub¬ 
stratum,  the  assemblage  of  vegetaion,  the  shallow  depths,  and  the  chemical 
and  physical  stability  of  the  waters  throughout  the  year  give  this  limited  re¬ 
gion  of  Spring  Lake  a  character  unlike  that  found  in  any  other  part  of  the  San 
Marcos  River  system. 

The  sand  and  gravel,  boulder-studded  substratum  lacks  organic  detritus 
which  would  create  benthic  conditions  unfavorable  for  life  and  propagation 
of  the  salamander.  No  organic  decomposition  occurs  in  the  area  of  the  numer¬ 
ous  small  springs  which  clean  the  bottom  of  small  bits  of  decaying  plant  and 
animal  matter.  The  aquatic  moss,  Leptodictyum  riparium,  and  the  filament¬ 
ous  cyanophycean  alga ,Lyngbya  sp.,  are  found  nowhere  in  the  river  as  abun¬ 
dant  as  they  are  near  these  springs.  The  color  and  texture  of  this  vegetation 
provides  ideal  cover,  and  harbors  an  abundant  food  supply  for  Eurycea  nana. 
Cover  is  a  critical  factor  for  the  species  in  view  of  the  abundance  of  predators. 

The  thermal  conditions,  constant  at  all  times,  have  likewise  proven  to  be 
ideal  for  the  existence  of  the  species.  Eurycea  nana  has  shown  a  maximum 
oxygen  consumption  at  about  25°  C  (as  opposed  to  20°  and  30°  C  compari¬ 
sons)  (Norris,  et  al.,  1963).  In  the  present  study  on  an  occasion  when  the 
temperature  of  an  aerated  aquarium  inadvertently  reached  30°  C  the  salaman¬ 
ders  went  into  convulsions  and  died.  The  high  density  and  the  remarkable 
stability  of  the  population  indicate  that  the  21-22°  C  thermal  conditions  are 
ideal  for  the  species. 

The  oxygen  content  of  the  waters  issuing  from  springs  around  which  the 
San  Marcos  Salamander  is  found  is  rather  low.  The  temperature-constant  wa¬ 
ters  are  only  3040%  saturated  with  oxygen.  Eurycea  nana  adapts  to  this 
lower  oxygen  concentration  by  a  considerable  expansion  of  and  increased 
blood  flow  through  the  gills.  These  bushy  red  structures  are  prominent  on  the 
individuals  when  collected,  but  they  show  marked  reduction,  almost  to  the 
point  of  apparent  resorption,  when  specimens  are  kept  in  well-oxygenated 
water  in  the  laboratory.  This  occurrence  is  in  agreement  with  the  work  of 
Bond  (1960)  which  demonstrated  that  the  volume  of  blood  in  the  gill  fila¬ 
ments  increases  when  the  concentration  of  oxygen  in  the  medium  is  reduced. 

It  is  not  surprising  that  Eurycea  nana  should  breed  throughout  the  year. 
All  conditions,  except  that  of  solar  radiation,  remain  constant  throughout  the 
seasons.  Females  apparently  ready  for  oviposition  of  eggs  represent  34%  of 
the  total  population  at  any  given  time,  and  juveniles  in  which  the  testes  or 
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ovaries  have  not  begun  to  develop  represent  45-50%  of  the  total  at  all  times. 

The  success  and  stability  of  this  salamander  population  is  remarkable.  Ow¬ 
ing  to  the  nature  and  the  constancy  of  the  habitat,  Eurycea  nana  breeds  the 
year  around,  maintains  a  uniform  population  structure,  and  has  a  high  popu¬ 
lation  density  of  as  many  as  2.6  individuals  per  225 -cm2  area.  It  is  highly  un¬ 
likely  that  this  only  known  population  of  Eurycea  nana  should  ever  be  threat¬ 
ened  with  extinction  by  natural  phenomena.  Only  man-made  or  -instituted 

changes  in  the  habitat  could  endanger  the  population. 

■ 
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INTRODUCTION 

Microbiological  and  chemical  processes  have  been  used  in  many  different 
forms  over  the  years  for  the  removal  of  phenol  and  other  substances  from 
water  contaminated  by  the  wood  preserving  industry.  Microbiological 
removal  of  phenol  and  its  chlorine  derivatives  resulting  from  other  industrial 
operations  has  also  been  reported  and  parameters  for  operation  have  been  es¬ 
tablished  (Biczysko,  1966;  Eisenhauer,  1964;  Nakashio,  1969;  von  Frank, 
1969).  Outstanding  among  these  reports  is  the  work  of  Putilina  (1969)  who 
showed  that  bacterial  degradation  of  phenols  in  effluent  water  from  a  coke 
production  plant  is  both  reliable  and  economical  over  a  concentration  range 
of  200  to  2,000  mg/L  total  phenols  and  the  work  of  Rao  (1969)  who  showed 
that  high  rate  trickling  filters  can  be  used  for  removal  of  phenols  in  wood 
carbonization  operations  where  other  methods  fail. 

The  treatment  of  effluent  from  a  wood  preserving  plant  in  which  the  wood 
preservatives  are  creosote  and  pentachlorophenol  presents  several  serious  pro¬ 
blems  not  encountered  in  other  situations.  Commercial  creosote  contains 
many  phenol  derivatives  and  other  unspecified  and  often  unidentified  antibi¬ 
otic  substances  as  well  as  large  amounts  of  heavy  oils.  The  microbiological 
degradation  of  effluent  water  contaminated  with  these  substances  must,  by 
necessity,  be  extremely  complex.  In  addition,  the  degradation  of  a  given  pol¬ 
lutant  may  be  brought  about  by  the  combined  action  of  several  different  mi¬ 
croorganisms  in  mixed  culture  rather  than  by  an  individual  species  or  strain 
(Vela,  1973).  Vela  and  Kasper  (1973)  recently  reported  an  unsuccessful 
search  for  microorganisms  capable  of  degrading  pentachlorophenol  in  indus¬ 
trial  wastewaters  while  Kirsch  and  Etzel  (1973)  showed  some  pentachloro¬ 
phenol  degradation  in  laboratory  cultures  of  mixed  bacterial  populations. 
This  problem  is  probably  accentuated  by  the  fact  that  each  industrial  esta¬ 
blishment  represents  an  unique  situation  from  the  point  of  view  of  microbio- 
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logical  metabolism  so  that  each  system  is  different  from  all  others.  In  addi¬ 
tion  to  this,  the  microbial  populations  capable  of  degrading  contaminants 
vary  as  a  function  of  time  and  there  is  also  variation  in  the  type  of  contami¬ 
nants,  and  the  concentration  of  contaminants;  the  relationship  represents  an 
extremely  complex  kinetic  system.  Even  so,  there  must  be  parameters  or 
characteristics  which  remain  constant  over  wide  ranges  of  fluctuations  in  the 
wastewater.  Herein  is  a  report  of  a  basic  study  on  the  nature  of  these  parame¬ 
ters  and  on  how  they  affect  the  bacterial  degradation  of  pollutants  present  in 
the  effluent  water  from  the  treatment  yeard  of  a  wood  preserving  plant  in 
North  Texas. 

MATERIALS,  METHODS,  AND  RESULTS 

Contaminated  water.  The  plant  effluent  formed  a  continuously  running 
stream  of  water  from  steam  condensation,  in  retorts,  used  for  impregnation 
of  railroad  ties,  utility  poles,  and  other  heavy  construction  lumber  with  creo¬ 
sote  and  creosote  plus  5%  pentachlorophenol.  The  water  contained  the  wood 
preservatives,  heavy  diesel  oil  in  which  they  were  suspended,  and  tannins, 
resins,  and  oils  that  were  extracted  from  fresh  wood  during  the  prolonged 
steaming  process.  In  addition,  water  from  various  other  plant  activities  was 
added  to  give  a  volume  of  water  ranging  from  4  to  46  gallons  per  minute 
(gpm).  The  rate  of  flow  was  determined  by  plant  activities  and  varied  drasti¬ 
cally,  e.g.  8:00  A.M.,  5.2  gpm;  12:00  noon,  32  gpm.  Rain  water  which  ran 
over  the  surface  of  the  plant  and  yard  also  entered  the  stream.  The  yard 
surface  was  heavily  contaminated  with  spilled  creosote  and  this  continually 
washed  into  the  stream.  The  nature  of  the  pollutants  in  this  water  is  indicated 
by  the  data  in  Table  2.  Usually,  the  water  had  a  definite  odor  of  phenol,  an 
oily  consistency,  and  a  deep  black  or  reddish-black  coloration.  Bait  minnows 
placed  in  samples  of  plant  effluent  died  immediately  and  survived  only  a  few 
minutes  when  it  was  diluted  greatly  (e.g.  1 :64  tol :  128)  with  aquarium  water. 
The  data  in  Table  2  are  representative  of  weekly  analyses  performed  during 
the  2  year  period.  Variations  in  results  were  analyzed  in  different  ways  and 
are  depicted  graphically  in  Fig.  1.  These  graphs  reveal  the  correlations  which 
exist  between  temperature  and  pollutants  and  also  the  correlation  between 
the  pollutants  and  bacterial  populations. 

Sampling.  Water  samples  were  obtained  on  alternating  days  of  each  week 
during  the  period  of  July  23,  1970  to  September  4,  1972.  Each  sample  was  a 
composite  obtained  by  measuring  the  flow  rate  at  8:00  A.M.,  12:00  noon, 
and  4:00  P.M.  Proportionate  parts  of  the  3  samples  were  mixed  to  yield  a 
sample  representative  of  the  plant  effluent  on  that  day.  These  samples  were 
transported  to  Denton  in  ice  and  analyzed  on  the  same  day. 
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Figure  1.  The  vertical  bars  represent  BOD,  COD  and  phenol,  respectively,  from  left  to 
right  for  each  month  indicated.  The  amounts  in  ( mg/L  x  10)  are  indicated  on  the  ordi¬ 
nate.  The  solid  curve  represents  the  bacterial  population,  and  the  viable  cells/ml  x  105  is 
the  number  indicated  on  the  ordinate.  The  broken  curve  indicates  the  average  water  tem¬ 
peratures  for  3  readings  taken  at  8:00  A.M.,  12:00  noon,  and  4:00  P.M.  The  numbers  on 
the  ordinate  also  are  set  to  represent  the  temperature  in  C. 

Water  analyses.  All  chemical  and  physical  analyses  of  wastewater  were  per¬ 
formed  by  classical  methods  in  use  at  the  present  time  (Standard  Methods  for 
the  Examination  of  Water  and  Wastewater,  1971). 

Toxicity  tests  were  performed  by  immersing  10  healthy  bait  minnows  (ob¬ 
tained  from  commercial  sources  and  kept  in  the  laboratory  for  5  or  more 
days)  in  the  water  in  question  and  measuring  times  of  survival.  If  all  fish 
failed  to  survive  short  exposures,  the  wastewater  was  diluted  with  aquarium 
water  to  give  final  concentrations  of  1:2,  1:4,  1:8,  1:16,  etc.  A  “toxicity  in¬ 
dex”  was  determined  by  counting  the  number  of  dead  fish  after  12  hours 
(Table  1). 

Bacterial  populations.  Bacterial  populations  were  estimated  by  viable  cell 
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Table  1 

Determination  of  “toxicity  index”  of  creosote-contaminated  water 
Water  Sample  Number  of  deaths* 


Undiluted 

1:2 

1:4 

1:8 

1:16 

“INDEX” 

Untreated 

10 

10 

7 

2 

0 

29 

Treatment  1 

10 

8 

1 

0 

0 

19 

Treatment  2 

7 

1 

0 

0 

0 

8 

*10  bait  minnows  kept  in  an  aquarium  for  at  least  5  days  previous  to  the  test  are  used 
for  each  dilution  tested.  Survivors  were  not  reused. 

counts  using  the  spread  plate  method  and  Tryptic  Soy  Agar  (Difco  Labora¬ 
tories,  Detroit,  Michigan)  as  the  plating  medium.  All  counts  were  prepared  in 
triplicate  and  incubated  at  26°  for  48  hrs;  all  plate  counts  are  reported  as  the 
average  of  triplicate  determinations.  The  correlation  between  bacterial  popu¬ 
lations  and  water  contaminants  is  included  in  the  data  shown  in  Figure  1.  It  is 
evident  from  these  findings  that  large  populations  of  bacteria  were  present  in 
the  plant  effluent  even  when  the  phenol  concentrations  were  elevated.  From 
these  data,  and  from  the  point  of  view  of  bacterial  ecology,  it  appeared  that 
the  bacteria  present  in  the  plant  effluent  were  capable  of  metabolizing 
phenol,  oil,  and  other  pollutants  as  well  as  being  able  to  reduce  Biological 
Oxygen  Demand  (BOD)  and  Chemical  Oxygen  Demand  (COD)  levels  signifi¬ 
cantly.  These  observations  serve  as  a  strong  indication  that  microbial  degrada¬ 
tion  of  the  plant  effluent  occurs  under  natural  conditions.  The  identification 
and  establishing  of  these  conditions  is  the  object  of  the  research  described  be¬ 
low.  In  the  majority  of  these  studies,  phenol  was  the  only  pollutant  measured 
because  it  was  assumed  that  total  phenol  concentration  was  the  best  index  of 
pollution  and  toxicity.  This  assumption  was  based  on  the  fact  that  phenols 
were  present  in  higher  concentrations  than  other  contaminants  and  also  in  the 
gratituous  observation  that  waters  free  of  phenol  were  non-toxic  when  tested 
under  our  condtions. 

Oxygen  requirements.  Oxygen  deprivation  is  generally  a  major  factor  in 
microbiological  processes. 

The  data  shown  in  Table  3  are  representative  of  8  experiments  in  which 
comparisons  were  made  of  the  relative  efficiency  of  phenol  degradation  in 
different  conditions  of  aeration.  Aerobic  conditions  were  obtained  by  placing 
200  ml  of  effluent  water  in  1  L  Erlenmeyer  flasks  with  cotton  plugs  and  incu¬ 
bating  them  at  26°  on  a  rotary  shaker.  Anaerobic  conditions  were  obtained 
by  completely  filling  the  flasks,  leaving  no  air  space;  rubber  stoppers  were 
used  to  eliminate  air  from  the  cultures.  Culture  samples  were  obtained  at  pre¬ 
determined  time  intervals  and  concentrations  of  phenol  determined  by  tests 


Table  2 

Typical  Analyses  of  Plant  Effluent 
mg/L 
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run  in  duplicate.  It  was  apparent  from  the  results  of  these  tests  that  phenol 
degradation  depended  on  the  presence  of  oxygen  but  this  type  of  test  did  not 
show  whether  the  degradation  of  phenol  was  caused  by  bacterial  respiration 
or  simply  by  spontaneous  oxidation.  This  question  was  answered  by  the  data 
given  in  Table  3.  The  results  of  these  experiments  indicate  unequivocally  that 
phenol  degradation  in  the  plant  effluent  was  the  result  of  bacterial  respiration 
and  not  due  to  spontaneous  oxidation.  In  all  cultures  where  bacterial  meta¬ 
bolism  and  growth  were  inhibited,  phenol  degradation  was  also  inhibited  in 
the  manner  shown  in  Table  4. 

Table  3 

Effect  of  Oxygen  on  Degradation  of  Phenol  in  Plant  Effluent 

Phenol,  mg/L 


Condition 

Day  0 

Day  4 

Day  8 

Day  8* 

Day  12 

Aerobic 

72 

3 

0.6 

18 

0.1 

Anaerobic 

72 

71 

68 

— 

56 

*  Immediately  after  sampling  on  the  8  th  day,  Vz  of  the  aerobic  culture  was  discarded  and 
an  equal  volume  of  new  wastewater  was  added. 


Table  4 

Effect  of  Mercuric  Sulfate  on  Degradation  of  Phenol  in  Plant  Effluent 

Phenol,  mg/L 


Hours  of  Incubation  Plant  Effluent  plusHg2S04* 


0 

17 

17 

4 

16 

16 

10 

14 

16 

20 

12 

16 

30 

7 

16 

48 

5 

15 

72 

2 

14 

*100  mg/L;  this  concentration  of  Hg2S04  was  necessary  to  inhibit  bacterial  growth  in 
all  cultures  tested. 


Population  size.  In  the  course  of  reproducing  these  experimental  results,  it 
was  noted  that  the  rate  of  phenol  degradation  tended  to  vary  from  one  sam¬ 
ple  of  effluent  to  another.  It  became  apparent  that  this  variation  was  corre¬ 
lated  with  the  phenol  content  of  the  sample.  A  series  of  samples  were  pre¬ 
pared  in  which  the  amount  of  phenol  was  increased  by  the  addition  of  phe¬ 
nol,  o-chlorophenol,  p-chlorophenol,  dichlorophenol,  or  trichlorophenol.  The 
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data  shown  in  Table  5  are  representative  of  the  results  obtained  and  show 
that  the  rate  of  phenol  or  chlorinated  phenol  degradation  by  bacterial  action 
was  a  function  of  the  concentration  of  phenol  present  in  the  sample.  The  data 
also  indicate  that  in  mixed  cultures,  such  as  the  ones  used  here,  there  is  no 
discernable  difference  between  the  rate  of  degradation  of  phenol  and  the  vari¬ 
ous  chlorinated  phenols  tested.  The  explanation  proposed  for  this  observation 
is  based  on  the  idea  that  there  is  a  large  heterogenous  population  of  bacteria 
involved  in  the  degradation  of  the  plant  effluent  and  that  a  relationship  exists 
between  the  amount  of  phenol  and  the  number  of  bacteria  capable  of 
metabolizing  it.  In  addition,  since  the  plant  effluent  contains  chlorinated  phe¬ 
nols,  the  organisms  capable  of  degrading  these  are  also  present  in  the  effluent. 
It  also  became  evident  (Fig.  1  and  Table  4)  that  large  populations  of  bacteria 
brought  about  a  more  rapid  rate  of  degradation  of  phenol. 

Table  5 

Effect  of  Phenol  Concentration  on  the  rate  of  Degradation 
Phenol,  mg/L 


Culture 


Hours  of 

Incubation 

A 

B 

C 

D 

0 

980 

775 

620 

415 

24 

975 

778 

580 

320 

48 

980 

700 

2 

0 

72 

865 

100 

0 

0 

In  the  next  series  of  experiments,  large  populations  of  bacteria  were  ob¬ 
tained  by  adding  Tryptic  Soy  Broth  to  the  effluent  water  in  order  to  enhance 
bacterial  growth.  The  addition  of  Tryptic  Soy  Broth  resulted  in  rapid  growth 
of  bacterial  populations.  Significantly  increased  phenol  degradation  rates 
were  found  as  predicted  (Table  6). 

The  final  experiment  was  designed  to  take  advantage  of  this  observation. 
Cultures  of  5  L  of  plant  effluent  containing  5%  (w/v)  Tryptic  Soy  Medium 
were  placed  in  large  carboys  to  which  air  was  pumped  at  a  sufficiently  high 
rate  to  keep  the  contents  thoroughly  agitated.  After  24  hrs,  Vi  of  the  culture 
was  discarded  and  replaced  by  lA  volume  of  new  plant  effluent  and  this  was 
repeated  daily  over  a  period  of  30  days.  Phenol  or  chlorophenol  was  added  to 
the  culture  at  different  times  to  increase  the  phenol  concentration.  Phenol 
measurements  were  performed  at  selected  time  intervals  and  the  rate  of  phe¬ 
nol  degradation  was  plotted  as  a  function  of  time.  Table  7  depicts  the  rate  of 
phenol  degradation  attained  with  this  system  at  the  end  of  the  30th  day  of 
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Table  6 

Effect  of  Tryptic  Soy  Broth  on  Phenol  Degradation  in  Effluent 
Phenol,  mg/L 


Hours  of  Incubation 

Concentration 


of  TSB* 

0 

20 

40 

60 

80 

0 

800 

790 

705 

604 

527 

1% 

800 

790 

692 

400 

227 

5% 

800 

770 

628 

328 

12 

10% 

800 

750 

600 

315 

0. 

*Tryptic  Soy  Broth  was  hydrated  as  directed  and  mixed  with  the  effluent  to  give  the  in- 
cated  concentration  (v/v). 


Culture 

Number 


Table  7 

Phenol  Degradation  by  “Selected”  Bacterial  populations 

Phenols,  mg/L* 

Time  of  Incubation,  hours 

0  4  8  12 


1 

520 

342 

0.2 

0 

2 

520 

251 

0.2 

0 

3 

1,010 

791 

420 

0 

4 

1,000 

800 

403 

0 

*Phenol  was  added  to  the  culture  to  give  the  final  concentration  measured  at  Time  0; 
additional  measurements  were  made  at  the  times  indicated. 


the  “selection”  period.  It  is  inferred  from  these  observations  that  mixed  bac¬ 
terial  cultures  can  be  obtained  with  the  capacity  to  degrade  1  g/L  of  total 
phenols  in  a  period  of  12  hours. 

At  various  times  during  the  course  of  these  studies,  measurements  of  the 
levels  of  pentachlorophenol  were  made.  All  samples  tested  showed  concentra¬ 
tions  of  pentachlorophenol  lower  than  0.1  mg/L.  No  further  studies  seemed 
necessary  except  to  note  that  all  samples  tested  gave  greatly  reduced  toxicity 
indices  after  incubation  periods  ranging  from  12  to  72  hours. 

DISCUSSION 


The  laboratory  studies  reported  here  are  considered  of  major  importance 
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as  basic  knowledge  for  the  design  of  effluent  treatment  in  the  wood  preserv¬ 
ing  industry.  The  results  of  these  studies  show  that  the  high  degree  of  auto- 
purification  in  aerated  effluent  can  be  enhanced  by  proper  conditions  and 
also  that  these  conditions  are  not  so  rigorous  that  they  would  be  restricted  to 
laboratory  use.  Extrapolation  from  these  laboratory  data  to  a  field  applica¬ 
tion  can  be  made  on  rather  simple  grounds,  e.g.  maintenance,  if  possible,  of 
proper  temperatures  (Fig.  1),  adequate  aeration  (Table  3),  and  maintenance 
of  large  populations  (Table  7). 

These  criteria  were  incorporated  into  the  design  of  a  facility  for  treatment 
of  the  effluent  described  in  Table  2.  Data  on  the  efficiency  of  this  system  are 
currently  being  collected  and  will  be  reported  in  this  journal  when  the  evalua¬ 
tion  is  completed. 
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INABILITY  OF  CYCLIC  NUCLEOTIDES  AND  ACETYLCHO¬ 
LINE  TO  SUBSTITUTE  FOR  LIGHT  IN  THE  GERMINATION 
OF  DORMANT  XANTHIUM  SEED1 

by  DAVID  C.  WHITENBERG 

Department  of  Biology,  Southwest  Texas  State  University, 

San  Marcos  78666 

ABSTRACT 

Previous  reports  have  shown  that  acety choline  and  cyclic  3’,  5 ’-adenosine  monophos¬ 
phate  will  substitute,  at  least  partially,  for  the  light  requirement  of  some  dormant  seeds 
for  germination.  This  communication  reports  the  inability  of  acetylcholine2 * * * ,  cyclic  3’, 
5 ’-adenosine  monophosphate,  N6,  02’-dibutyryl  adenosine  3’,  5 ’-cyclic  monophosphate, 
cyclic  3’,  5 ’-uridine  monophosphate,  cyclic  3’,  5 ’-guano sine  monophosphate,  or  cyclic  3’, 
5’-cytidine  monophosphate,  either  alone  or  in  combination  with  kinetin,  to  substitute 
for  the  light  requirement  of  the  small  (dormant)  seed  of  cocklebur  for  germination. 


INTRODUCTION 

Xanthium  fruits  contain  2  seeds;  a  small,  dormant  one  and  a  larger,  non- 
dormant  one.  Dormancy  of  the  small  seed  has  been  attributed  to  various 
causes:  impermeability  of  the  testa  to  oxygen  (Crocker,  1906),  the  presence 
of  water-soluble  inhibitors  (Khan,  1963;  Wareing  and  Foda,  1957),  and  inabil¬ 
ity  of  the  embryo  to  generate  sufficient  thrust  during  the  initial  phases  of 
germination  to  rupture  the  testa  (Esashi  and  Leopold,  1968).  Regardless  of 
the  precise  mechanism  involved,  Khan  (1966)  has  shown  that  a  combination 
of  kinetin  and  red  or  white  light  will  overcome  the  dormancy  of  the  small 
seed,  and  that  far  red  light  will  reverse  the  effect.  The  phytochrome  system 
therefore  seems  to  be  involved  in  the  dormancy  mechanism.  Neither  IAA  nor 
GA3  would  substitute  for  kinetin. 

Interactions  among  light,  GA3,  cytokinins,  and  endogenous  inhibitors  in 


1  This  research  was  supported  by  funds  for  organized  research  from  the  State  of  Texas. 

2 Abbreviations:  ACh:  acetylcholine,  cAMP:  cyclic  3’,  5 ’-adenosine  monophosphate; 

DBcAMP:  N6,  02’-dibutyryl  adenosine  3’,  5 ’-cyclic  monophosphate;  cUMP:  cyclic  3’,  5’- 

uridine  monophosphate;  cGMP:  cyclic  3’,  5’-guanosine  monophosphate;  cCMP:  cyclic  3’, 

5’-cytidine  monophosphate. 
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the  control  of  certain  types  of  seed  dormancy  have  been  well  established,  and 
the  ability  of  cytokinins  to  reverse  the  effects  of  a  number  of  inhibitors  has 
been  documented  (Wareing  and  Saunders,  1971).  The  ability  of  cAMP  to  me¬ 
diate  some  GA3  effects  in  germinating  seed  is  known  (Earle  and  Gaisky, 
1971;  Gaisky  and  Lippincott,  1969;  Gilbert  and  Gaisky,  1972; Hall  and  Gai¬ 
sky,  1973;  Nickells,  et  al,  1971),  and  in  addition,  cAMP  has  been  found  to 
substitute  fully  or  partially  for  the  light  requirement  of  some  dormant  seed 
(Holm  and  Miller,  1972;  Raymond,  et  al ,  1973).  That  cAMP  is  a  normal  com¬ 
ponent  of  some  higher  plant  tissues  has  recently  been  established  (Ownby,  et 
al,  1973;  Raymond,^#/.,  1973).  There  is  some  evidence  ACh  may  mediate 
some  phytochrome  responses  (Jaffe,  1970),  and  work  with  certain  light-re¬ 
quiring  dormant  seed  has  led  Holm  and  Miller  (1972)  to  postulate  that  the 
breaking  of  dormancy  involves  the  sequence  Pfr,  ACh,  GA3 ,  and  cAMP.  If 
germination  inhibitors  are  present  in  the  seed,  exogenously  applied  cytokinins 
would  probably  be  antagonistic  to  the  action  of  the  inhibitors  and  permissive 
to  the  action  of  the  proposed  sequence  (Khan,  1968). 

This  communication  reports  evidence  that  the  proposed  sequence  does  not 
apply  to  the  light  and  kinetin  mediated  germination  of  dormant  cocklebur 
seed. 

MATERIALS  AND  METHODS 

Burs  of  Xanthium  pensylvanicum  Wallr.  were  harvested  from  the  field  in 
November,  dissected,  and  the  small  and  large  seed  pooled  separately.  Seeds 
were  selected  for  uniformity  and  freedom  from  defects,  sterilized  3  min  in 
10%  (v/v)  Clorox,  and  10  seeds  per  treatment  were  germinated  in  9  cm  petri 
plates  lined  with  2  layers  of  filter  paper  soaked  with  10  ml  of  the  test  solu¬ 
tion.  All  compounds  were  tested  at  a  concentration  of  0.5  mM  and  in  addi¬ 
tion,  cAMP  and  DBcAMP  were  tested  at  concentration  of  10juM  and  50juM. 
Seeds  were  germinated  in  both  light  (12  hr  photoperiod,  approximately  2,000 
lux)  and  dark  at  25  C  (4  replicates  of  each  treatment)  and  germination  was  re¬ 
corded  after  7  days. 

RESULTS  AND  DISCUSSION 

Results  for  the  germination  of  the  small  seed  in  0.5  mM  solutions  of  a  sin¬ 
gle  test  compound  are  summarized  in  Table  1 .  Each  datum  is  the  average  of 
the  4  replications.  Cyclic  nucleotides  other  than  cAMP  were  included  in  the 
experiment  because  cGMP  has  been  isolated  from  biological  materials  and,  al¬ 
though  its  function  is  not  known,  it  is  presumed  to  have  some  regulatory  acti¬ 
vity  (lost  and  Rickenberg,  1971).  Cyclic  UMP  and  cCMP  have  not  been  re¬ 
ported  to  be  found  in  biological  materials.  Results  for  the  large  seed  are  not 
shown  since  none  of  the  compounds  affected  their  germination  under  any 
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Table  1.  Effects  of  light,  kinetin,  GA3,  ACh  and  cyclic  nucleotides  on  germination  of 
dormant  cocklebur  seeds.  Data  are  expressed  as  percent  germination. 


Chemical  treatment 


H20  Kinetin  GA3  ACh  cAMP  DBcAMP  cUMP  cGMP  cCMP 


Light  0  93  002  0002 

Dark  2  0000  0000 


conditions,  and  the  results  of  tests  using  10/rM  and  50/jM  cAMP  and  DBcAMP 
are  also  omitted  because  germination  percentages  were  identical  to  those  ob¬ 
tained  with  0.5mM  cAMP.  The  lower  concentrations  of  cAMP  and  DBcAMP 
were  used  because  Roy,  et  al.  (1973)  had  reported  cAMP  to  inhibit  rice  seed 
germination  at  concentrations  greater  than  50juM.  The  data  show  that  only 
kinetin  in  light  was  effective  in  promoting  germination.  Such  results  are  in 
agreement  with  those  of  Khan  (1966)  concerning  GA3  and  kinetin,  and  may 
be  interpreted  as  an  antagonistic  action  of  kinetin  toward  endogenous  inhibi¬ 
tors  as  he  suggested. 

To  determine  whether  kinetin  might  be  permissive  to  the  operation  of  a 
sequence  such  as  that  postulated  by  Holm  and  Miller  (1972),  and  series  of 
germination  tests  was  conducted  using  combinations  of  kinetin  with  GA3, 
ACh  and  cyclic  nucleotides.  The  results  summarized  in  Table  2  are  not  in 
agreement  with  the  generalized  mechanism  of  Holm  and  Miller  (1972)  for 
phytochrome  action  in  light-requring  seeds,  otherwise  GA3 ,  ACh,  cAMP  or 
DBcAMP  might  have  been  expected  to  promote  germination  in  the  dark. 
However,  the  results  do  not  conclusively  rule  out  the  possibility  that  such  a 
mechanism  does  exist  in  dormant  cocklebur  seed.  Khan  (1968)  has  shown 

Table  2.  Effects  of  combinations  of  light,  kinetin,  GA3,  ACh  and  cyclic  nucleotides 
on  germination  of  dormant  cocklebur  seeds.  Data  are  expressed  as  percent  germination. 


Chemical  treatment 


H20  Kinetin  Kinetin  Kinetin  Kinetin  Kinetin  Kinetin  Kinetin  Kinetin 
+  +  +  +  +  +  + 
GA3  ACh  cAMP  DBcAMP  cUMP  cGMP  cCMP 


Light  0  95  95  93  95  97  93  95  95 

Dark  002002000 
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that  when  kinetin  is  used  to  antagonize  the  inhibiting  effects  of  ABA  on  GA3 
induced  dark  germination  of  lettuce  seeds,  5mM  GA3  is  required  at  25C  but 
only  0.05  mM  GA3  is  required  at  20C  for  complete  induction  of  germination. 
Thus  some  conditions  might  be  found  such  that  the  sequence  proposed  by 
Holm  and  Miller  (1972)  would  appear  to  function  in  dormant  cocklebur 
seeds.  At  the  present  time,  however,  the  proposed  sequence  must  remain,  as 
these  authors  suggested,  highly  speculative. 
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ABSTRACT 


A  comparison  was  made  of  the  species  diversity  (d)  of  the  benthic  macroinvertebrate 
communities  during  an  annual  cycle  at  5  stations  located  in,  above,  and  below  Canyon 
Reservoir,  a  deep  storage  reservoir  on  the  Guadalupe  River  in  central  Texas.  New  equa¬ 
tions  were  derived  for  maximum  diversity  (dmax)  and  minimum  diversity  (dmin)  which 
were  utilized  in  calculating  a  new  redundancy  value  (r)  which  can  be  used  for  small  sam¬ 
ple  sizes. 

Pronounced  differences  were  found  in  the  structure  of  the  faunal  communities  at  the 
5  stations  as  indicated  by  values  of  d  and  Y.  The  river  above  the  reservoir  had  a  communi¬ 
ty  in  which  structural  changes  throughout  the  year  resulted  from  the  appearance  and 
disappearance  of  taxa  while  there  was  no  marked  dominance  of  any  one  taxon.  Such  a 
condition  normally  exists  in  unpolluted  shallow  streams.  The  river  immediately  below 
the  reservoir  had  a  community  with  few  taxa  each  represented  by  numerous  individuals, 
a  condition  characteristic  of  communities  undergoing  environmental  stress.  Apparently 
this  stress  was  created  by  low  water  temperatures  and  the  presence  of  hydrogen  sulfide. 
Further  downstream  the  community  had  wide  seasonal  fluctuations  in  diversity  due 
primarily  to  changes  in  the  dominance  of  certain  taxa.  The  deep  reservoir  station  had  a 
community  influenced  mostly  by  low  temperatures,  low  oxygen,  and  high  hydrogen  sul¬ 
fide  which  resulted  from  thermal  stratification.  During  stratification  d  reached  its  theo¬ 
retical  minimum  and  r  its  theoretical  maximum,  indicating  severe  environmental  stress. 
The  station  located  in  a  shallow  cove  had  a  community  structure  indicating  mild  environ¬ 
mental  stress.  Detrimental  effects  of  impoundment  appear  limited  to  the  reservoir  and 
the  region  immediately  below  the  dam. 

INTRODUCTION 

The  effects  of  artificial  impoundments  upon  streams  below  the  impound¬ 
ments  are  being  increasingly  investigated  as  more  interest  is  generated  in 
man’s  influence  upon  water  quality.  Since  it  has  been  recommended  that  wa¬ 
ter  quality  be  defined  using  biological  rather  than  physicochemical  standards 
(Butcher,  1955;  Wilhm  and  Dorris,  1968),  the  study  of  the  effect  of  im- 
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poundment  upon  community  structure  is  a  reasonable  approach.  One  of  the 
simplest  and  most  promising  methods  of  determining  environmental  influence 
on  community  structure  has  been  through  the  development  of  species  or 
community  diversity  indices  (Fisher,  et  al,  1943;  Williams,  1944,  1953;  Pres¬ 
ton,  1948;  Simpson,  1949;  Margalef,  1951,  1956;  Patten,  1962;  Menhinick, 
1964;  Pileou,  1966;  Wilhm  and  Dorris,  1966,  1968;  Wilhm,  1967,  1968a, 
1968b).  Benthic  macroinvertebrates  make  ideal  subjects  for  such  studies  due 
to  their  habitat  preference  and  low  motility  (Wilhm  and  Dorris,  1966). 
Though  Spence  and  Hynes  (1971a,  1971b)  have  utilized  the  community 
structure  approach  to  investigate  the  effect  of  an  artificial  impoundment 
upon  the  benthic  macroinvertebrates  and  certain  fishes  in  a  Canadian  stream, 
community  diversity  indices  have  not  been  employed  to  determine  how  im¬ 
poundment  of  water  influences  benthic  populations. 

The  purpose  of  this  study  was  to  determine  the  effect  of  Canyon  Reser¬ 
voir,  a  deep  storage  impoundment  formed  by  damming  the  Guadalupe  River 
in  the  Edwards  Plateau  region  of  central  Texas,  upon  the  benthic  macroinver¬ 
tebrate  communities  of  the  Guadalupe  River  by  measuring  changes  in  species 
diversity  in  communities  above,  below,  and  within  the  reservoir  through  an 
annual  cycle. 

METHODS  AND  MATERIALS 


Study  Area 

Canyon  Reservoir  which  covers  3,335  ha  was  formed  in  1964  by  a  dam  35 
km  upstream  from  New  Braunfels,  and  is  the  only  major  impoundment  on 
the  Guadalupe  river  in  the  Edwards  Plateau  region  of  central  Texas.  This  re¬ 
gion  was  classified  as  the  Balconian  Province  by  Blair  (1950)  and  is  character¬ 
ized  by  limestone  hills  covered  with  a  scrubby  growth  of  Quercus  virginiana, 
Q.  texana,  and  Juniperus  mexicana.  Average  rainfall  in  this  area  is  86  cm  re¬ 
ceived  mostly  in  late  spring  and  early  fall. 

Five  stations  were  sampled,  3  in  the  river  and  2  in  the  reservoir.  Station  1 
was  located  immediately  downstream  from  the  highway  FM  311  bridge  and 
15  km  above  the  upper  end  of  Canyon  Reservoir.  Station  4  was  located  im¬ 
mediately  below  Canyon  Dam  and  Station  5  was  established  24  km  further 
downstream  at  the  Hueco  Springs  bridge.  These  stations  in  the  river  were  cho¬ 
sen  for  their  physical  similarities;  all  were  located  in  riffle  areas,  on  gravel  sub¬ 
strate,  as  devoid  of  vegetation  as  possible. 

Stations  2  and  3  were  established  within  the  reservoir.  Station  2  was  lo¬ 
cated  in  a  shallow  cove,  4  km  above  the  dam  where  depth  varied  from  3-5  m 
due  to  changes  in  the  level  of  the  reservoir.  The  substrate  of  detritus  sup¬ 
ported  a  dense  growth  of  Najas  quadalupensis  during  the  spring  and  summer. 
Station  3  was  located  near  the  dam  over  the  inundated  river  bed  in  the  deep¬ 
est  part  of  the  reservoir.  Bottom  topography  was  precipitous  and  sampling 
depths  ranged  from  36-61  m  while  the  substrate  consisted  of  sand  and  clay 
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mixed  with  detritus.  No  rooted  macrophytes  were  collected  at  this  station. 
Sampling  Techniques 

Stations  1 ,  4  and  5  were  sampled  with  a  Surber  square  foot  sampler  which 
had  a  net  with  12  meshes  per  cm.  Stations  2  and  3  were  sampled  with  an  Ek- 
man  dredge.  Samples  were  taken  monthly  at  each  station  From  October  1969, 
through  October  1970.  Adequate  sample  size  was  determined  during  the  first 
collecting  period  at  each  station  by  combining  samples  until  d  approached  an 
asymptote  as  described  by  Pielou  (1966)  and  Wilhm  (1968b).  At  all  5  sta¬ 
tions,  d  approached  an  asymptote  by  the  first  2  accumulated  samples.  The 
sample  size  for  the  remaining  collections  in  this  study  were  established  as 
0.9m2  at  Stations  1,  4,  and  5  and  as  0.2m2  at  Stations  2  and  3;  in  both  cases 
the  areas  were  in  excess  of  the  size  necessary  for  values  of  d  to  be  asymptotic. 
The  original  plan  was  to  combine  the  samples  from  each  station  seasonally  as 
was  done  by  Wilhm  and  Dorris  (1966)  but  it  was  found  that  2  month  sets  of 
data  were  more  informative. 

Statistical  Methods 

Initially  the  diversity  calculations  for  samples  were  made  using  equations 
for  d,  d,  dmax,  dmin  and  R  (Wilhm,  1967).  After  we  encountered  difficulty 
in  applying  the  4  latter  equations  to  the  data,  Dr.  Wilhm  was  consulted.  He 
advised  that  these  equations  are  useful  only  when  the  total  number  of  indivi¬ 
duals  in  a  sample  is  fairly  large,  at  least  100.  Since  many  samples  consisted  of 
less  than  100  individuals,  alternatives  to  these  equations  were  sought.  Utiliz¬ 
ing  some  of  the  properties  of  d  3  modified  equations  were  derived. 

Maximum  values  of  d  are  observed  if  all  the  individuals  in  a  sample  are 
equally  divided  among  the  taxa  present  in  that  sample,  and  minimum  values 
of  d  are  observed  if  each  taxon  in  the  sample  contains  one  individual,  except 
one  which  contains  all  the  rest  of  the  individuals  in  the  sample. 

In  a  sample  where  the  maximum  value  of  d  (dmax)  occurs,  each  taxon 
would  have  the  same  number  of  individuals,  or 

=  n2  =  n3  =  .  .  .  =  =  .  .  .  =  n§  =  n/s 

where  s  is  the  number  of  taxa  in  the  sample,  n^  is  the  total  number  of  indivi¬ 
duals  in  the  i^  taxon  and  n  is  the  total  number  of  individuals  in  the  sample. 
Substituting  these  values  into  the  equation  for  d  we  get, 

dmax  =  log2s. 

In  a  sample  where  the  minimum  value  of  d  (dmin)  occurs,  (s  —  1)  taxa  in 
the  sample  would  have  one  individual  each  (nx  =  n2  =  n3  =  .  .  .  =ns_|  =1), 
while  the  remaining  taxon  has  the  remaining  individuals  [n§  =  n  —  (s  —  1 )] . 
Substituting  these  values  for  n-  into  the  equation  for  d, 
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dmin  =  — 

s— 1  log2  J_ 

— 

n  -  (s  1 )  log2  n  -  (s-1) 

n  n 

n  n 

The  value  of  d  relative  to  dmax  and  dmin  is  a  measure  of  the  dominance  of 
one  or  a  few  taxa  over  the  remaining  taxa  in  the  community  being  sampled 
and  can  be  calculated  as  the  average  redundancy  per  individual  in  the  com¬ 
munity  (f).  This  equation  is, 

f  =  dmax  -  d 
dmax— dmin 

The  values  of  f  behave  much  as  do  those  for  R.  As  r  increases,  the  average 
amount  of  information  carried  by  an  individual  selected  at  random  from  the 
sample  decreases,  the  uncertainty  that  such  an  individual  belongs  to  a  particu¬ 
lar  taxon  increases,  and  the  average  diversity  per  individual  (d)  decreases.  The 
great  advantage  of  r  over  R  is  that  it  can  be  calculated  from  any  size  sample 
and  with  much  less  effort. 

Wilhm  and  Dorris  (1968)  proposed  equations  for  dmax,  dmin,  and  r.  These 
equations,  however,  have  the  same  drawbacks  as  do  those  for  dmax,  dmin  and 
R  in  that  they  require  a  fairly  large  sample  size. 

RESULTS  AND  DISCUSSION 
Meteorological  Conditions 

From  October  1969,  through  May  1970,  precipitation  at  Canyon  Dam,  as 
measured  by  the  United  States  Army  Corps  of  Engineers,  was  approximately 
20%  above  the  average  for  those  months  for  the  previous  7  years.  From  June 
to  October  1970,  rainfall  totaled  only  about  2/3  of  the  average  amount  for 
those  months. 

Air  temperatures  during  the  study  period  followed  a  normal  seasonal  pat¬ 
tern  with  lows  of  14°  C  in  November  and  December  and  highs  of  32°  C  in 
July  and  August.  An  exception  to  the  normal  pattern  was  an  unseasonal 
warm  period  in  January  1970,  when  air  temperatures  of  21°  C  were  recorded. 

Physiochemical  Conditions 

Flow  in  the  Guadalupe  River,  according  to  the  Guadalupe-Bianco  River 
Authority,  declined  during  the  latter  part  of  the  study  period  with  a  more 
constant  day  to  day  flow  at  Stations  4  and  5  than  at  Station  1  due  to  con¬ 
trolled  discharge. 

The  lowest  water  temperatures  were  recorded  in  January  and  February 
1970,  and  the  highest  water  temperatures  occurred  in  July  and  August  1970. 
The  overall  effect  of  impoundment  was  to  stabilize  and  lower  the  water  tem¬ 
peratures  at  Stations  3,  4,  and  5.  Water  temperatures  at  Station  2  were  gen- 
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erally  slightly  warmer  than  at  Station  1 ,  probably  due  to  more  direct  insola¬ 
tion  at  Station  2. 

Chemical  analyses  of  water  conducted  by  Young  (1971)  within  the  study 
area  simultaneously  with  this  study  showed  lower  ranges  and  means  in  total 
alkalinity,  specific  conductance,  and  turbidity  below  the  reservoir.  Dissolved 
oxygen  was  usually  higher  at  Station  1  than  in  the  reservoir.  A  thermocline 
was  observed  at  Station  3  in  May  1970,  and  dissolved  oxygen  was  depleted  in 
the  hypolimnion  so  that  anoxic  conditions  prevailed  from  June  1970  until 
the  end  of  the  study.  However,  hypolimnetic  water  discharged  from  Canyon 
Reservoir  was  rapidly  reaerated  in  the  tailrace,  so  that  dissolved  oxygen  at 
Stations  4  and  5  was  near  saturation.  The  pH  at  all  stations  remained  near  8.0 
except  for  readings  of  pH  7.1  while  hypolimnion  was  anoxic  at  Station  3. 
Total  dissolved  solids  were  higher  at  Station  1  than  at  other  stations.  Hydro¬ 
gen  sulfide  was  noted  in  the  hypolimnion  at  Station  3  and  at  Station  4  during 
the  time  the  hypolimnion  was  anoxic,  apparently  due  to  the  sulfur-reducing 
action  of  bacteria.  During  the  time  hydrogen  sulfide  was  observed,  dense 
growths  of  the  sulfur  bacteria  Beggiatoa  sp.  covered  the  entire  substrate  at 
Station  4.  The  simultaneous  occurrence  of  high  dissolved  oxygen  concentra¬ 
tions  and  hydrogen  sulfide  at  Station  4  when  the  hypolimnion  was  anoxic  re¬ 
sulted  from  the  rapid  turnover  of  water  in  the  tailrace.  The  large  volume  of 
hydrogen  sulfide  flowing  from  the  hypolimnion  was  being  oxidized  at  Station 
4  but  oxidation  was  not  complete  by  the  time  the  water  reached  that  point. 

Community  Diversity 

The  annual  variations  of  d  and  r  at  each  station  show  r  to  vary  in  roughly 
inverse  proportion  to  d  (Fig.  1).  The  values  of  r,  however,  are  a  reflection  of 
the  dominance  of  one  or  a  few  taxa  over  the  other  taxa  in  a  community  and 
should  not  be  considered  equatable  with  the  inverse  of  d  in  all  cases.  Changes 
in  d  can  be  the  result  of  (1)  the  appearance  or  disappearance  of  taxa  with  no 
change  in  the  relative  distribution  of  individuals  among  these  taxa,  in  which 
case  r  would  remain  unchanged;  or  (2)  one  or  more  taxa  establishing  or  losing 
dominance  within  a  community  without  the  gain  or  loss  of  any  taxa,  in  which 
case  r  would  vary  in  inverse  proportion  to  d.  In  most  natural  communities 
changes  in  d  are  a  result  of  both  factors  acting  more  or  less  independently 
which  may  lead,  in  some  instances,  to  apparently  conflicting  results. 

An  example  of  the  first  condition  causing  changes  in  d  was  illustrated  by 
collections  at  Station  2  (Fig.  1).  Values  of  d  varied  from  1.78  for  the  Decem- 
ber-January  collections  to  2.18  for  the  Feb ruary-M arch  collections,  while  f 
varied  from  0.37  to  0.38  during  this  same  period.  The  number  of  taxa  present 
in  these  2  sets  of  collections  changed  from  6  in  December-January  to  9  in 
February -March,  with  no  particular  change  in  the  pattern  of  dominance  in  the 
community  (Table  1). 
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Figure  1.  Values  of  5  and  r  at  each  of  5  collecting  stations  for  each  2  month  collect¬ 
ing  period. 


VALUES  OF 


BENTHIC  MACROINVERTEBRATE 


219 


Table  1.  Number  of  individuals  per  square  meter  (n),  and  number  of  taxa  (n.)  for 
each  collecting  period  at  each  of  the  5  collecting  stations. 


Oct.- 

Dec.- 

Feb.- 

Apr.- 

Jiine- 

Aug.- 

Oct. 

Nov. 

Jan. 

Mar. 

May 

July 

Sept. 

Station  1  n 

60 

45 

93 

156 

197 

351 

249 

ni 

8 

9 

9 

21 

27 

23 

18 

Station  2  n 

1940 

750 

673 

328 

329 

240 

493 

ni 

11 

6 

9 

10 

7 

4 

8 

Station  3  n 

170 

140 

367 

71 

42 

17 

25 

ni 

2 

3 

5 

3 

1 

1 

2 

Station  4  n 

49 

45 

60 

89 

13 

235 

229 

ni 

5 

7 

10 

10 

7 

8 

3 

Station  5  n 

243 

233 

158 

149 

149 

116 

215 

ni 

17 

8 

18 

18 

18 

17 

21 

The  second  condition  causing  changes  in  d  was  illustrated  by  the  October- 
November  and  December-January  collections  at  Station  1  (Fig.  1).  During 
this  period  d  changed  from  2.25  to  2.79,  a  change  of  d  of  roughly  the  same 
magnitude  as  in  the  previous  example,  while  r  changed  from  0.41  to  0.22,  a 
change  64  times  as  great  as  in  the  previous  example.  In  this  case  the  change  in 
d  was  caused  not  so  much  by  a  change  in  the  number  of  taxa  in  the  collec¬ 
tions,  which  increased  from  8  to  9  (Table  1),  as  by  a  change  in  the  pattern  of 
dominance  is  clearly  shown  by  the  change  in  r. 

In  the  April-May  collections  at  Station  1  a  combination  of  both  conditions 
occurred  which,  using  d  alone,  might  have  gone  undetected  (Fig.  1).  The 
number  of  taxa  collected  at  this  station  as  compared  to  the  February-March 
collection  increased  from  9  to  21.  This  should  have  resulted  in  a  sizeable  in¬ 
crease  in  d.  However,  the  change  in  d  was  only  slight,  from  2.73  to  2.96.  Dur¬ 
ing  this  same  period  the  number  of  individuals  in  a  single  taxon  ( Thraulodes 
sp.,  Ephemeroptera)  increased  to  a  value  10  to  20  times  greater  than  the  num¬ 
ber  of  individuals  in  any  other  taxon  which  cancelled  any  significant  increase 
in  d .  The  appearance  of  this  one  taxon  as  dominant  in  the  community  shows 
clearly  as  an  increase  of  r  from  0.19  to  0.40  (Fig.  1). 

In  short,  while  d  is  insensitive  to  the  number  of  individuals  in  a  sample  and 
thus  allows  one  to  compare  species  diversities  differing  widely  in  numbers  of 
individuals,  f  is  equally  insensitive  to  the  number  of  taxa  in  a  sample  and 
allows  one  to  compare  the  dominance  patterns  of  communities  differing 
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widely  in  numbers  of  taxa. 

Both  d  and  r  reveal  certain  characteristics  of  the  3  stations  located  in  free- 
flowing  stretches  of  the  river.  The  values  of  d  and  r  at  Station  1  indicate  a 
community  in  which  most  structural  changes  resulted  from  the  appearance  or 
disappearance  of  taxa  while  the  relative  distribution  of  individuals  among  the 
taxa  remained  fairly  constant  (Fig.  1).  Values  of  r  remained  less  than  0.26 
during  the  study,  except  for  the  2  maxima  already  described,  while  d  re¬ 
mained  greater  than  2.73,  except  for  the  minimum  already  described,  and 
reached  a  maximum  of  4.14  in  the  early  summer  (Fig.  1). 

At  Station  4,  d  and  r  remained  fairly  constant  during  the  first  half  of  the 
study  period  (Fig.  1).  When  the  hypolimnion  in  Canyon  Reservoir  became  an¬ 
oxic  and  hydrogen  sulfide  began  to  appear  in  the  hypolimnetic  water 
released  from  the  dam,  d  decreased  from  a  maximum  of  2.55  in  early  summer 
to  1.16  in  October  (Fig.  1).  During  this  time  r  increased  from  0.21  to  0.50  for 
the  August-September  collections  when  the  chironomid  population  reached  a 
high  density,  and  then  decreased  to  0.30  for  the  October  collection  as  other 
taxa  tolerant  of  the  hydrogen  sulfide  in  the  water  increased  in  numbers.  The 
density  of  organisms  at  Station  4  was  much  greater  during  the  last  2  collect¬ 
ing  periods  than  at  any  other  time  during  this  study,  even  though  only  3  taxa 
were  present  in  the  October  collection.  This  type  of  community  structure, 
wfth  a  charcteristically  low  value  of  d ,  is  typical  of  communities  undergoing 
environmental  stress.  The  few  taxa  tolerant  of  the  altered  environment,  with 
reduced  competition,  may  reach  unusually  high  population  densities.  The  low 
value  of  d,  1.16,  for  the  October  1970  collection  at  this  station  was  within 
the  range  of  values  of  d  observed  for  streams  receiving  industrial  or  domestic 
wastes  (Wilhm,  1969,  1970)  though  there  was  no  evidence  of  pollution  at  any 
of  the  5  stations  during  this  study. 

At  Station  5,  d  and  r  fluctuated  more  than  at  the  other  stations  (Fig.  1). 
At  this  station,  r  appeared  to  behave  in  inverse  proportion  to  d  throughout 
most  of  the  study  period.  This  behavior  of  r  was  caused  by  changes  in  the 
dominance  pattern  in  the  benthic  community.  These  changes  in  the  domi¬ 
nance  pattern  were  also  major  factors  influencing  d  at  this  station.  The  low 
(T  and  the  high  r  observed  in  December-January  collections  were  the  result  of 
a  decrease  in  the  number  of  taxa  in  the  faunal  community  to  about  half  the 
number  collected  in  October-November  coupled  with  a  great  increase  in  the 
number  of  individuals  of  Tricorythodes  sp.,  Ephemeroptera  (Fig.  1,  Table  1). 
For  the  rest  of  the  study  period  the  numbers  of  taxa  at  this  station  remained 
constant  (Table  1)  and  d  increased  as  the  number  of  individuals  of  Tricory¬ 
thodes  sp.  decreased. 

Community  structure  of  the  lake  stations  was  also  revealed  by  values  of 
(T  and  r .  Station  2  had  an  annual  variation  of  d  with  maxima  in  the  spring  and 
fall  and  r  followed  an  inverse  pattern  (Fig.  1).  These  variations  did  not  corres¬ 
pond  well  with  maxima  at  the  other  stations  but  did  correspond  with  maxima 
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of  chlorophyll^  observed  by  Young  (1971)  at  this  same  station  and  attri¬ 
buted  by  him  to  mixing  of  nutrients  into  the  water  caused  by  the  spring  and 
fall  overturns  of  the  reservoir. 

At  Station  3  the  maximum  d  occurred  in  early  spring  then  declined  to 
0.00  as  all  organisms  other  than  Branchiura  sowerbyi  disappeared  from  the 
anoxic  hypolimnion  (Fig.  1).  During  this  time,  with  only  one  taxon  present,  r 
reached  its  theoretical  maximum  of  1.00,  indicating  the  complete  dominance 
of  the  faunal  community  by  one  taxon.  The  increase  of  d  and  the  accompa¬ 
nying  decrease  of  r  for  the  October  collection  (Fig.  1)  was  caused  by  the  pre¬ 
sence  of  a  single  specimen  of  Chaoborus  sp.  which  was  probably  not  at  that 
time  an  active  member  of  the  faunal  community  at  Station  3. 

Mean  values  of  d  and  r  also  reveal  community  structure  characteristics  of 
the  different  stations.  The  lowest  mean  value  of  d,  0.80,  was  observed  at  Sta¬ 
tion  3  (Fig.  2).  This  low  d  was  the  result  of  severe  environmental  stress  ex¬ 
perienced  by  the  faunal  community  at  Station  3  during  the  warmest  months 
while  the  hypolimnion  was  both  anoxic  and  suffused  with  hydrogen  sulfide. 
The  mean  values  for  d  of  3.12  at  Station  1  and  2.73  at  Station  5  (Fig.  2)  on 
the  other  hand,  were  similar  to  values  for  d  reported  from  clean,  nonpolluted 
streams  in  other  parts  of  the  country  (Wilhm,  1969).  The  mean  value  of  2.01 
for  d  at  Station  4  indicated  the  benthic  community  at  this  station  was  expe¬ 
riencing  some  environmental  stress,  though  not  so  severe  as  that  experienced 
at  Station  3.  This  stress  on  the  community  at  Station  4  resulted  from  the  pre¬ 
sence  of  hydrogen  sulfide  in  the  water  and  possibly  from  the  lower  water 
temperature  during  the  summer  which  is  a  critical  time  in  the  reproductive 
cycle  of  many  aquatic  invertebrates.  The  mean  value  of  2.03  for  d  at  Station 
2,  apparently  indicates  environmental  stress,  though  values  of  d  from  similar 
impoundments  were  unavailable  for  comparison. 

The  lowest  mean  value  of  r,  0.27,  occurred -at  Station  1  where  the  smallest 
range  of  r  was  also  observed  (Fig.  2).  This  was  due  to  the  stability  of  the  ben¬ 
thic  macroinvertebrate  community  at  this  station.  The  highest  mean  value  of 
0.59  for  r  was  observed  at  Station  3  due  to  the  instability  of  this  community. 
There  were  no  significant  differences  among  the  mean  values  for  f  at  Stations 
2,  4  and  5  (Fig.  2). 

A  comparison  of  the  free-flowing  river  stations,  Stations  1,4  and  5,  show 
each  to  be  distinctly  different.  Station  1  and  Station  5  were  similar  in  the 
mean  value  of  d  at  both  stations  (Fig.  2),  but  dissimilar  in  the  variations  of  d 
(Fig.  1),  the  more  constant  number  of  taxa  present  at  Station  5  (Table  1)  and 
mean  values  and  ranges  of  values  of  r  (Fig.  2).  Station  1  was  an  established  cli¬ 
max  community  of  benthic  macroinvertebrates  adapted  to  conditions  of  high 
summer  temperatures  and  great  variations  of  flow.  The  occasional  scouring  of 
this  station  by  freshests  did  not  significantly  affect  the  community  structure 
because  this  community  had  become  adapted  to  such  occurrences  through 
the  elimination  of  any  organisms  which  could  not  burrow  into  the  substrate 


Figure  2.  Means  and  ranges  of  d  and  r  at  each  of  5  collecting  stations.  Horizontal  line 
represents  the  mean  and  vertical  bar  represents  the  observed  range. 


for  protection  or  be  carried  along  with  the  drift  to  other  suitable  habitats. 
Particularly  affected  by  these  freshets  were  the  gastropods  which  were  absent 
from  this  community.  Values  of  f  were  lower  at  Station  1  than  at  Station  5 
which  may  have  resulted  from  more  efficient  utilization  of  niches  which  lim¬ 
ited  populations  of  individual  taxa  through  more  rigorous  competitions. 

Station  5  represented  an  environment  not  more  than  5  years  old  with  a 
correspondingly  young  community  of  benthic  macroinvertebrates.  The  origi¬ 
nal  macroinvertebrate  community  in  this  stretch  of  the  Guadalupe  River  was 
probably  very  similar  to  the  community  found  at  Station  1 .  With  the  filling 
of  Canyon  Reservoir,  however,  the  flow  was  stabilized,  almost  completely 
eliminating  scouring  of  the  stream  bed.  The  mean  water  temperature  at  Sta- 
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tion  5  was  also  lower  (mean  17.9°  C)  and  more  stable  (range  1 1.5  —  26.0°  C) 
than  at  Station  1  (mean  20.2°  C,  range  8.0  —  29.5°  C)  and  the  greatest  reduc¬ 
tion  in  temperature  occurred  during  the  warmer  months  which  is  a  critical 
time  in  the  reproductive  cycle  of  many  aquatic  invertebrates.  The  high  values 
of  d  indicate  successful  reorganization  of  the  benthic  macroinvertebrate  com¬ 
munity  to  fill  the  new  set  of  niches  made  available  by  changes  in  the  environ¬ 
ment,  but  the  high  values  of  r  and  the  wide  ranges  of  values  of  d  and  r  (Fig. 
2)  possibly  indicate  a  community  still  involved  in  secondary  succession. 

The  benthic  macroinvertebrate  community  at  Station  4  was  influenced  by 
the  hydrogen  sulfide  and  low  temperatures  in  the  hypolimnetic  water  released 
from  Canyon  Reservoir  during  the  warm  months  more  than  the  community 
at  Station  5.  As  a  result  of  the  environmental  stress  created  by  these  factors, 
Station  4  was  distinctly  different  from  either  Station  1  or  5.  Spence  and 
Hynes  (1971a)  reported  that  similar  environmental  stress  caused  a  decline  in 
the  number  of  taxa  of  benthic  macroinvertebrates  below  a  bottom  draining 
reservoir  in  Canada. 

Thus,  the  construction  and  subsequent  filling  of  Canyon  Reservoir  on  the 
Guadalupe  River  has  resulted  in  appreciable  changes  in  the  benthic  macroin¬ 
vertebrate  communities  in  the  reservoir  and  in  the  Guadalupe  River  below  the 
reservoir.  However,  evidence  that  the  quality  of  water  released  from  the  reser¬ 
voir  has  been  only  temporarily  lowered  is  shown  by  the  high  species  diversity 
at  Station  5 .  Although  the  community  at  that  station  is  dissimilar  to  that  at 
Station  1  due  to  altered  environmental  conditions,  the  high  species  diversity 
indicates  the  stream  has  largely  recovered  from  adverse  environmental  effects 
resulting  from  impoundment.  Detrimental  effects  of  impoundment  appear 
limited  to  the  impoundment  itself  and  the  river  stretch  immediately  below 
the  dam. 
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ABSTRACT 

Three  additional  specimens  of  Tantilla  cucullata  and  6  of  T.  diabola  are  reported 
from  the  Chisos  Mountains,  Big  Bend  National  Park,  Brewster  County,  Texas.  Variation 
in  the  neck  ring  of  T.  diabola  is  considered  and  scalation,  size,  and  color  comparisons  are 
made  between  the  2  forms.  T.  diabola  and  T.  cucullata  apparently  represent  color 
morphs  of  the  same  form  in  the  Chisos  Mountains  and  the  Devil’s  River  population  is 
probably  sub  specifically  distinct.  The  Big  Bend  population  should  be  referred  to  as  T. 
rubra  cucullata  and  the  Devil’s  River  population  as  T.  rubra  diabola. 

INTRODUCTION 

Since  Minton  (1956)  collected  the  first  Tantilla  cucullata  Minton  and  Fou- 
quette  and  Potter  (1961)  reported  the  first  Tantilla  diabola  Fouquette  and 
Potter  there  have  been  few  additional  reports  on  these  species.  The  status  of 
both  has  been  questioned  in  papers  reporting  additional  specimens.  Degen- 
hardt  and  Milstead  (1959),  in  reporting  and  additional  specimen  taken  about 
100  miles  south  of  the  type  locality,  questioned  the  relationship  of  T.  cucul¬ 
lata  to  T.  nigriceps  as  proposed  by  Minton  and  suggested  a  possible  relation¬ 
ship  to  T.  atriceps.  Degenhardt  and  Milstead  were  uncertain  of  its  proper  de¬ 
signation  since  it  differed  from  the  type  of  T.  cucullata  in  several  important 
characters.  They,  nevertheless,  tentatively  referred  their  specimen  to  T.  cucul¬ 
lata  largely  on  the  bases  of  hood,  large  size,  and  lack  of  similarity  to  any 
other  known  Tantilla. 

The  history  of  T.  diabola  reads  much  the  same  as  T.  cucullata  in  that  the 
original  specimen  could  not  be  referred  to  any  known  species  of  Tantilla. 
Fouquette  and  Potter  (1961)  point  out  that  T.  diabola ,  “  ...  is  apparently 
most  closely  related  to  T.  rubra.  ”  They  concluded,  however,  that  “  . .  .  certain 
characteristics  of  rubra  are  consistent  throughout  its  range  and  differ  from 
those  of  the  specimen  of  diabola ”.  Treadwell  and  Hibbitts  (1968)  reported  a 
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second  specimen  taken  25  miles  from  the  type  locality  and  referred  it  to  T. 
diabola.  Smith  and  Werler  (1969)  reported  a  specimen  from  the  Chisos  Moun¬ 
tains  110  airline  miles  west  of  the  previous  localities.  They  referred  this  speci¬ 
men  to  T.  rubra  diabota,  refuted  the  species  designation  by  Fouquette  and 
Potter,  and  presented  their  belief  of  the  “  .  .  .  subspecific  populational  rela¬ 
tionship  of  diabola  and  rubra 

We  have  procured  9  additional  specimens  from  the  Chisos  Mountains. 
These  suggest  additional  changes  in  the  status  of  T.  cucullata  and  T.  diabola. 

i 

NEW  MATERIAL 

The  new  specimens  reported  here  are  in  the  Big  Bend  National  Park  collec¬ 
tion  (BBNP),  Museum  of  Southwestern  Biology  at  The  University  of  New 
Mexico  (UNM),  and  are  presently  in  possession  of  D.  A.  Easterla  (DAE). 
These  latter  specimens  will  be  deposited  in  the  vertebrate  collection  at  North¬ 
west  Missouri  State  College. 

Tantilla  cucullata:  The  unique  holotype  of  T.  cucullata  is  from  6  miles 
south-southeast  of  Alpine  (about  5000  ft),  Brewster  County,  Texas.  A  second 
specimen  is  from  Green  Gulch  (5500  ft)  in  the  Chisos  Mountains,  Brewster 
County,  Texas  (Degenhardt  and  Milstead,  1959).  The  3rd,  4th,  and  5th  speci¬ 
mens  are  reported  here. 

The  3rd  T.  cucullata  (UNM  18793,  Fig.  1)  was  collected  AOR  (alive  on 
road)  by  Brown  on  1  July  1968  at  9:07  p.m.  in  Green  Gulch  (5500  ft), 
Chisos  Mountains.  In  this  female,  the  mental  does  not  contact  the  chin  shields, 
being  separated  by  the  first  infralabials.  The  chin  shields  and  first  infralabials 
had  greenish-white  centers  in  life.  The  2  central  rows  of  gular  scales  are  whit¬ 
ish  with  black  only  on  the  lateral  margins. 

The  4th  specimen  (DAE  1326)  was  collected  DOR  (dead  on  road)  in  the 
Basin  (5500  ft),  Chisos  Mountains,  on  21  July  1967  by  Easterla,  about  10:00 
p.m.  This  male  is  similar  in  scalation  to  the  specimens  previously  known  (Ta¬ 
ble  1).  As  in  the  type,  the  mental  barely  touches  the  chin  shields;  this  contact 
was  broader  in  the  Degenhardt  and  Milstead  specimen.  Color  and  pattern  are 
similar  to  that  of  the  others.  Several  posterior  scales  of  the  black  hood  of 
DAE  1326  have  light-colored  centers. 

The  5th  specimen  (DAE  2192)  is  a  male  collected  AOR  at  the  Basin  (5400 
ft),  Chisos  Mountains,  by  Easterla  at  9:47  p.m.  on  26  July  1969.  The  site  of 
collection  was  where  a  T.  diabola  (DAE  1793)  was  taken  the  previous  year. 
The  mental  barely  touches  the  chin  shields;  in  other  aspects  of  scalation  and 
color  this  specimen  resembles  other  T.  cucullata  we  have  seen.  In  life,  the 
color  was  somewhat  darker  brown  dorsally  than  other  T.  cucullata  observed 
and  there  was  also  a  faint  indication  of  longitudinal  light  lines  when  held  in 
proper  light. 

Previous  authors  compared  T.  cucullata  with  other  sympatric  species  of 
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Table  1.  Differences  in  size,  scalation,  and  color  pattern  of  Tantilla  cucullata 


Minton 

Degenhardt 

UNM 

BBNP 

DAE 

&  Milstead 

18793 

4117 

2192 

Sex 

Male 

Male 

Female 

Male 

Male 

Total  length  (mm) 

336 

514 

420 

367* 

455 

Tail  length  (mm) 

83 

117 

75 

67* 

113 

Ventrals 

167 

169 

174 

165 

163 

R-47 

R-47* 

Subcaudals 

82 

72 

L-48 

L-49 

79 

Contact  between  mental 

Slight 

Broader 

None 

Slight 

Slight 

and  chin  shields 

Contact  between  prefrontal 

No 

? 

Yes 

Yes 

Yes 

and  2nd  supralabial 

White  nuchal  collar 

Absent 

Absent 

Absent 

Absent 

Absent 

Black  color  termination 

3% 

4 

4 

4Vz 

4% 

(Scales  behind  parietals) 

*  =  incomplete  tail 

Tantilla.  Minton  (1956)  suggested  a  close  relationship  of  T.  cucullata  with  T. 
nigriceps.  and  Degenhardt  and  Milstead  (1959)  discussed  a  possible  relation¬ 
ship  with  T.  atriceps.  A  series  of  13  T.  atriceps  was  collected  in  Green  Gulch 
from  the  vicinity  of  the  T.  cucullata  sites  on  19  and  24  July  1968  (UNM 
18416-17  and  18418-20)  by  Brown;  on  17  August  1968  (UNM  1841 1-14)  by 
William  G.  and  Paula  B.  Degenhardt;  and  on  24  July,  23  August,  and  2  Sep¬ 
tember  1968  (DAE  1637-38,  1965  and  1755)  by  Easterla.  These  exhibit  no 
tendancy  toward  the  black  hood  of  T.  cucullata.  Both  T.  atriceps  and  T.  nigri¬ 
ceps  are  sympatric  with  T.  cucullata  in  at  least  a  portion  of  their  ranges;  al¬ 
though  T.  nigriceps  probably  does  not  occur  in  the  Big  Bend  proper,  it  is 
found  to  the  west,  north,  and  east  in  Texas.  Since  these  earlier  T.  cucullata 
collections,  another  species,  T.  diabola ,  has  been  collected  within  the  known 
range  of  T.  cucullata,  revealing  the  possibility  of  4  species  of  Tantilla  being 
sympatric  in  certain  areas. 

Tantilla  diabola:  Fouquette  and  Potter  (1961)  named  the  holotype  of  T. 
diabola  from  a  tributary  of  the  Devil’s  River,  Val  Verde  County,  Texas.  A  2nd 
specimen  was  reported  from  near  the  type  locality  by  Treadwell  and  Hibbitts 
(1968).  Recently,  Smith  and  Werler  (1969)  reported  one  T.  diabola  from  the 
Chisos  Mountains;  however,  they  refer  to  their  specimen  as  Tantilla  rubra 
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Figure  1.  Tantilla  cucullata  (UNM  18793)  from  Green  Gulch,  5400’,  Big  Bend  Na¬ 


tional  Park,  Texas.  (Photograph  by  Isabelle  Hunt  Conant). 


Figure  2.  Tantilla  diabola  (BBNP  3920)  from'the  Chisos  Basin,  5400’,  Big  Bend  Na¬ 
tional  Park,  Texas.  Photograph  shows  the  broken  white  nuchal  collar  char¬ 
acteristic  of  the  Big  Bend  specimens.  (Photograph  by  Isabelle  Hunt  Conant). 


diabola.  We  are  here  reporting  6  more  specimens  of  this  ring-necked  Tantilla 
from  the  Chisos  Mountains.  The  principal  characters  of  scalation  and  pattern 
are  summarized  in  Table  2. 

The  1st  of  these  (BBNP  3920)  was  taken  on  3  August  1967  at  about  10:00 
p.m.  by  Roland  H.  Wauer  (Fig.  2).  The  snake  was  found  AOR  in  the  Basin  at 
about  5400  ft  elevation.  It  had  rained  in  mid-afternoon. 

Specimens  2  and  3  of  T.  diabola  were  collected  in  the  Basin  of  the  Chisos 
Mountains  on  21  August  1968.  Specimen  2  (UNM  18421)  was  found  DOR 
at  8:57  p.m.  by  Brown  at  5500  ft,  and  specimen  3  (DAE  1793)  AOR  by 
Easterla  at  10:25  pan.  at  5400  ft.  They  were  found  after  an  early  evening 
shower.  A  strong  breeze  was  blowing  and  specimen  3  was  lethargic  when 
picked  up.  These  T.  diabola  were  found  0.3  of  a  road  mile  apart  and  the  live 
one  was  0.1  of  a  road  mile  from  DAE  1326  (T.  cucullata). 

On  26  July  1969  at  9:00  p.m.  Easterla  captured  specimen  4,  a  female  T. 
diabola  (DAE  2191)  AOR  in  the  Basin.  The  same  night  he  captured  the  AOR 
T.  cucullata  (DAE  2192)  discussed  earlier.  When  captured,  both  snakes  were 
moving  actively.  Crotalus  molossus  was  the  only  other  snake  encountered  that 
night.  The  night  was  quiet,  hot,  and  humid  under  a  bright  moon  approaching 
full;  there  were  scattered  clouds  and  it  was  partly  overcast.  The  ground  was 
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slightly  damp  from  a  trace  of  rain  that  evening,  however,  the  Green  Gulch  side 
of  Panther  Pass  was  muddy  from  a  Vi  in  afternoon  rain.  The  Basin  had  received 
previous  rains  of  .15  in  on  23  July  and  .96  in  of  20  July  at  the  Basin  Ranger 
Station.  Maximum  temperature  for  the  Basin  on  26  July  was  89°  and  the 
minimum  was  60°. 

On  the  next  night  (27  July)  at  9:53  p.m.  Easterla  captured  specimen  5 
AOR,  a  female  T.  diabola  (DAE  2193)  one  switchback  above  where  the  T. 
cucullata  was  captured  the  previous  night.  Again  C.  molossus  was  the  only 
other  species  encountered.  This  T.  diabola  was  also  actively  crawling  when 
captured.  Weather  conditions  were  generally  cloudy  and  overcast  as  on  the 
previous  night,  but  with  a  light  cool  breeze  blowing.  Maximum  temperature 
for  the  Basin  that  day  was  87°  and  the  minimum  was  66°. 

The  6th  specimen  (BBNP  4143)  of  T.  diabola  was  taken  on  24  August 
1970  by  Pat  Whalen.  It  was  DOR  in  the  Basin  residence  area  at  5400  eleva¬ 
tion. 

Certain  variable  characters  of  scalation  and  pattern  exhibited  by  T.  diabola 
are  discussed  below  and  where  applicable,  comparisons  with  T.  cucullata  are 
made. 

Mental  and  Chin  Shields.  All  specimens  examined  showed  no  contact  be¬ 
tween  scales  in  T.  diabola.  There  is  usually  some  contact  in  T.  cucullata. 

Prefrontal  and  Second  Supralabial.  In  the  type  specimen,  contact  is  made 
only  on  the  left  side  between  these  scales;  on  the  right  side  the  postnasal 
separates  these  2  scales.  In  DAE  2191  and  DAE  2193  these  scales  are  in  con¬ 
tact  on  both  sides  of  the  head,  but  DAE  1793,  UNM  18421,  and  BBNP  3920 
show  no  contact  on  either  side  of  the  head.  This  character  is  also  variable  in 
T.  cucullata. 

Nuchal  Color  and  Postnuchal  Band.  In  T.  diabola  from  the  Devil’s  River 
the  light  nuchal  collar  is  complete  and  not  fully  divided  by  a  dorsal  black  line 
as  in  the  Big  Bend  specimens.  The  white  collar  may  or  may  not  involve  the 
posterior  edges  of  the  parietals  and  temporals,  and  varies  in  width  from  just 
over  1  scale  (BBNP  3920)  to  2.5  scales.  The  black  postnuchal  band  also  varies 
in  width  from  2.5  scales  (UNM  18421)  to  4.5  scales  (holotype),  as  measured 
along  the  mid -dorsal  line.  Considering  both  white  collar  and  band  together, 
they  extend  from  4.5  (BBNP  3920)  to  7  (type)  scales  posterior  to  the  parietals 
along  the  midline. 

Head  Spot.  BBNP  3920  exhibits  the  smallest  spot  on  the  side  of  the  head, 
covering  only  the  upper  XU  to  1/3  of  the  5th  supralabial  (Fig.  2).  In  the  holo¬ 
type,  DAE  1793,  and  DAE  2193,  the  spot  includes  most  of  the  5th  supralabial 
and  adjoining  edges  of  the  6th,  and  the  lower  portion  of  the  anterior  temporal. 
UNM  18421,  the  Smith  and  Werler  specimen,  and  DAE  2191  exhibit  a  ten¬ 
dency  for  the  posterior  portion  of  the  lower  postocular  scale  (right  side  only 
in  UNM  18421)  to  be  white. 
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The  extent  of  light  color  on  the  underside  of  the  head  is  greater  in  T.  di- 
abola  than  in  T.  cucullata.  In  the  former,  chin  shields  and  gulars  are  usually 
entirely  white,  and  the  infralabials  are  black,  though  some  light  color  may 
extend  onto  the  mental  and  1st  3  infralabials,  or  even  onto  the  5th  and  6th 
infralabials  as  in  BBNP  3921.  In  T.  cucullata  light  color  (greenish  white)  is 
present  only  in  the  center  of  the  chin  shields  and  edges  of  the  infralabials.  In 
both  forms,  but  especially  in  T.  diabola,  the  extent  and  intensity  of  the  light 
coloration  is  variable. 

T.  diabola  and  T.  cucullata  are  similar  in  many  respects:  scale  rows,  divided 
anals,  head  scales,  and  size.  The  numbers  of  ventrals  and  subcaudals  in  both 
forms  are  high  and  overlap.  The  forms  have  a  similar  general  appearance;  both 
have  whitish  venters  and  flattened  heads.  Both  forms  have  a  dorsum  that 
varies  from  a  uniform  brown  to  a  light  brown  or  tan.  Faint  longitudinal  light 
lines  on  the  dorsum  are  detectable  in  both  and  are  more  obvious  in  the  darker 
colored  specimens.  The  presence,  absence,  or  extent  of  the  white  nuchal  col¬ 
lar  may  reflect  only  variability  within  local  populations.  A  difference  in  speci¬ 
mens  that  we  have  examined  is  the  mental-chin  shields  contact  which  is  lack¬ 
ing  in  T.  diabola  but  is  present  in  some  T.  cucullata. 

ECOLOGICAL  NOTES 

All  Chisos  Mountains  specimens  known  to  us,  4  T.  cucullata  and  8  T. 
diabola ,  were  taken  at  the  same  locality.  Panther  Pass  at  5600  ft  elevation  lies 
between  Casa  Grande  and  Pulliam  peaks  and  divides  Green  Gulch  on  the  north 
from  the  Basin  on  the  south.  A  paved  road  ascends  Green  Gulch  and  by  means 
of  a  large  sharp  switchback  reaches  Panther  Pass.  This  same  road  continues 
down  into  the  basin  utilizing  multiple  switchbacks.  All  specimens  except 
BBNP  3920  and  BBNP  4143  were  taken  on  either  side  of  this  divide  and  no 
more  than  200  ft  in  elevation  below  it.  The  2  exceptions,  both  T.  diabola, 
were  within  the  same  elevational  range  but  were  taken  on  the  southwest  fac¬ 
ing  slope  of  Casa  Grande  Peak  rather  than  on  the  north  and  west  facing  slopes 
as  were  the  other  specimens. 

From  Panther  Pass  steep  slopes  extend  up  to  over  7000  ft.  These  slopes 
are  heavily  vegetated  by  pinyon  pines,  junipers,  oaks,  and  grasses  and  are  dis¬ 
sected  considerably  by  rocky  gullies.  T.  atriceps  is  common  under  rocks  and 
dead  Agave  scabra  stalks  and  leaves  on  the  slopes  and  gullies  of  Green  Gulch 
and  the  Basin.  Other  significant  species  found  in  this  habitat  are  Syrrhophus 
guttilatus,  Gerrhonotus  liocephalus,  Diadophis  punctatus,  Gyalopion  canum, 
Lampropeltis  mexicana,  L.  triangulum,  Leptotyphlops  dulcis,  and  Trimorph- 
odon  vilkinsoni.  A  common  factor  in  the  collection  of  T.  cucullata  and  T. 
diabola  appears  to  be  in  the  late  summer  rains  or  thundershowers  occurring 
in  the  Chihuahuan  desert.  These  are  largely  convectional  in  nature  and  may  be 
quite  severe,  though  usually  of  short  duration.  Apparently,  the  more  humid 
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and  cooler  conditions  favor  activity  of  these  snakes  and  that  of  their  prey, 
which  seems  to  be  restricted  to  arthropods,  especially  centipedes. 

In  1968  UNM  18793  (T.  cucullata )  was  kept  alive  for  a  short  time  and  was 
offered  as  food  centipedes,  millipedes,  scorpions,  moths  and  their  larvae,  spi¬ 
ders,  small  lizards,  and  Syrrhophus,  and  all  were  refused.  DAE  1893  (T.  di- 
abola)  was  kept  alive  for  3  months  and  was  offered  millipedes,  centipedes, 
scorpions,  and  ants  and  their  pupae  but  only  centipedes  were  eaten.  On  23 
August  1  centipede  was  eaten;  on  31  August  1  of  3  centipedes  offered  was 
eaten;  on  31  August  1  of  3  centipedes  was  eaten;  on  2  September  5  were 
eaten;  on  8  September  2  centipedes  were  refused  previous  to  the  snake  shed¬ 
ding  on  17  September;  and  on  30  September  1  centipede  was  eaten.  All  centi¬ 
pedes  were  from  the  Chisos  Mountains  except  one  from  Missouri  eaten  on  30 
September.  In  November  1968,  centipedes  from  Florida  were  offered  but  re¬ 
fused.  Either  the  snake  did  not  identify  the  Florida  form  as  prey  or  its  weak¬ 
ened  condition  prevented  eating.  On  8  December  1968  the  snake  was  pre¬ 
served. 

During  the  summer  of  1969  2  T.  diabola  (DAE  2191  and  DAE  2193)  and 
1  T.  cucullata  (DAE  2192)  were  kept  alive  with  more  success.  All  fed  ra¬ 
venously  on  Big  Bend  centipedes  and  if  the  heads  were  removed  first,  even 
the  largest  centipedes  (6-7  in)  were  consumed. 

STATUS  OF  CHISOS  MOUNTAINS  TANTILLA 

We  have  already  remarked  on  the  similarities  of  scalation  in  Chisos  Moun¬ 
tains  in  T.  diabola  and  T.  cucullata.  Using  these  characters  alone  we  cannot 
differentiate  between  them.  There  are  of  course  the  white  markings  on  the 
head  and  neck  of  T.  diabola  but  even  these  are  variable  in  the  specimens  we 
have  seen.  In  fact,  rather  than  describing  the  presence  of  white  markings  on 
the  neck  and  head  regions  it  might  be  more  elucidating  to  consider  the  extent 
of  the  black  hood  that  is  present.  We  will  summarize  a  few  possible  relation¬ 
ships. 

They  may  be  sympatric  species,  quite  similar  to  each  other  but  ecologically 
separate.  If  this  supposition  were  true,  it  would  place  3  and  possibly  4  species 
of  this  genus  in  precisely  the  same  locality  and  habitat.  We  have  discussed 
other  similarities  of  size,  morphology,  and  diet  earlier  and  in  fact  all  niche 
dimensions  we  have  examined  are  identical.  We  refute  this  relationship  on  the 
basis  of  the  apparently  great  if  not  complete  niche  overlap  of  these  2  forms. 

They  may  be  morphs  of  one  species.  The  pattern  of  the  California  King 
Snake  ( Lampropeltis  getulus  californiae)  is  a  good  example  of  this  type  of 
polymorphism.  Big  Bend  species  exhibiting  this  include  Diadophis  punctatus, 
with  and  without  neck  rings,  and  Sonora  semiannulata,  with  its  various  pat- 
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terns  and  color  phases.  At  present,  this  explanation  appears  to  be  the  most 
feasible.  Besides  the  similarities  mentioned  earlier,  there  is  that  very  subjective 
type  of  analysis  one  cannot  help  using  when  live  specimens  of  both  are  in 
hand  at  the  same  time.  With  the  exception  of  pattern  variation  they  look,,  act, 
and  even  feel  alike.  A  possible  argument  against  this  is  the  failure  of  collectors 
to  find  T.  cucullata  in  the  Devil’s  River  region  or  T.  diabola  in  the  Alpine 
region. 

One  or  both  may  be  subspecies  of  T.  rubra  of  Mexico.  Fouquette  and  Potter 
(1961)  raised  the  possibility  of  T.  diabola  being  closely  related  to  T.  rubra 
but  show  real  evidence  of  separation  based  on  ventral  and  subcaudal  counts 
and  on  pattern  and  color.  Smith  and  Werler  (1969)  support  the  relationship 
between  T.  rubra  and  T.  diabola  and  treat  T.  diabola  as  a  subspecies.  We  like 
the  Smith  and  Werler  arrangement  and  consider  it  the  most  conservative  at 
this  time.  More  specimens  from  northern  Mexico  are  needed  for  a  final  con¬ 
clusion  but  the  material  now  available  certainly  argues  in  their  favor. 

The  Big  Bend  population  may  be  different  from  the  Devil's  River  population. 
A  number  of  facts  support  this  possibility.  The  white  neck-ring  is  broken  at 
the  dorsal  midline  in  all  Big  Bend  T.  diabola  we  have  seen.  In  the  Devil’s  River 
population  the  white  neck-ring  is  continuous  across  the  dorsal  midline.  The 
absence  of  the  T.  cucullata  form  in  the  Devil’s  River  area,  if  this  is  in  fact  the 
same  species,  suggests  a  basic  genetic  difference  in  the  2  populations.  It  can 
also  be  pointed  out  that  Fouquette  and  Potter  (1961)  based  their  conclusion 
that  T.  diabola  was  specifically  different  from  T.  rubra  on  a  Devil’s  River 
snake.  Smith  and  Werler  (1969),  however,  based  their  conclusion  that  T. 
diabola  is  actually  T.  rubra  on  a  Big  Bend  specimen.  This  taxonomic  aspect 
should  be  considered  by  future  workers  but  we  believe  Big  Bend  and  Devil’s 
River  populations  are  conspeciflc. 

CONCLUSIONS 

1.  Except  for  head  and  neck  coloration  the  2  forms  referred  to  as  T.  cucullata 
and  T.  diabola  are  similar. 

2.  The  2  forms  in  the  Big  Bend  are  conspeciflc,  T.  diabola  should  be  placed 
into  the  synonomy  of  T.  cucullata ,  and  we  accept  relationships  2  and  3 
above. 

3.  The  name  T.  diabola  may  still  be  applied  to  the  Devil’s  River  population  as 
Tantilla  rubra  diabola.  In  this  event,  both  forms  in  the  Big  Bend  population 
would  be  known  as  Tantilla  rubra  cucullata. 
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WHAT  DOES  A  CALORIMETER  MEASURE? 


by  CRAYTON  M.  CRAWFORD 

Department  of  Chemistry,  Mississippi  State  University, 

Mississippi  State,  Ms.  39762 

Thermodynamics  should  be  added  to  politics  and  religion  as  topics  never 
to  be  discussed  among  friends,  because  everyone  is  an  expert  in  each  of  these 
fields.  At  some  personal  risk,  therefore,  I  should  like  to  offer  a  new  view 
which  everyone  feels  is  unnecessary,  because  everyone  is  in  basic  agreement  as 
to  the  correct  view. 

This  general  agreement  is,  however,  fictitious,  as  some  quotations  will  indi¬ 
cate.  “Thermodynamics  has  had  a  long  and  controversial  history”  (Morse, 
1969).  “In  the  course  of  his  investigations,  Brpnsted  uncovered  a  number  of 
logical  inconsistencies  in  the  classical  presentation,  which  disturbed  him” 
(LaMer,  1955).  “(I)  make  a  plea  for  a  more  rational  approach  to  equilibrium 
thermodynamics,  one  which  dispenses  with  the  traditional  irrelevancies 
handed  down  to  us  from  the  pioneer  days  of  this  science  and  which  have  been 
cluttering  up  thermodynamics  like  dusty  pieces  of  Victoriana”  (Jauch,  1972). 
And  finally, 

“The  last  thing  thermodynamics  teachers  need  today  is  a  tranquilizer. 
What  they  really  need  is  to  be  free  of  some  false  notions  which  have  been  ac¬ 
cepted  about  the  foundations  of  their  subject,  some  misinterpretations  of 
words,  and  some  rather  unfortunate  teaching  practices  which  almost  guaran¬ 
tee  that  the  next  generation  of  thermodynamicists  will  be  as  resistant  to  new 
ideas  as  the  present  one”  (Tribus,  1966). 

Some  say  the  internal  consistency  of  thermodynamics  is  so  perfect  as  to 
make  the  theory  unchallengeable.  Yet  “The  essential  requirement  of  scientific 
theory  is  that,  in  principle,  it  is  capable  of  contradiction  by  empirical  data.  It 
is  perfectible”  ~  presumably  in  the  sense  of  an  approachable  but  unattainable 
limit  --  “and  it  stands  only  as  long  as  it  has  not  been  contradicted.  It  is  in  the 
process  of  becoming”  (Bevan,  1972). 

I  enter,  however,  a  caveat.  Recall  that  Boerhaave  commissioned  Fahren¬ 
heit  to  make  measurements  on  heat,  and  that  Boerhaave  interpreted  these 
data  as  supporting  his  own  theory.  Joseph  Black  pointed  out  that  the  same 
data  could  be  reinterpreted  as  conflicting  with  Boerhaave’s  theory  and  sup¬ 
porting  Black’s  (Roller,  1950).  Evidently  empirical  data  do  not,  per  se,  either 
support  or  contradict  scientific  theory.  Perfection  is  approached  by  the  inter- 
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action  of  theory  and  data,  and  not  by  either  alone. 

This  article  does  not,  of  course,  discuss  all  of  thermodynamics,  but  is  lim¬ 
ited  to  the  meanings  to  be  attached  to  “heat”  and  to  “work”,  and  to  their  im¬ 
plications  regarding  “internal  energy”  and  “heat  capacity”.  There  are  wider 
implications. 

Work  is  the  easiest  concept,  despite  Brdnsted’s  conclusion  that  “It  is  not 
easy  to  see  how  a  rational  and  unambiguous  work  concept  can  be  derived 
from  this  motley  collection  of  objects  and  ideas”  (Br0nsted,  1955).  I  define 
the  work  done  on  the  system  as 

w  =ff  dx  (1) 


where  w  =  work,  f  is  a  generalized  force,  and  dx  is  a  generalized  displacement. 
If  the  force  causes  acceleration,  then  by  Newton’s  2nd  law, 


f  =  m 


dv 

“df 


m 


dv  dx  _ 
“dx  “df 


=  mv 


dv 

~dx 


Equations  (1)  and  (2)  may  be  combined  and  integrated  to  yield 

w  =  Vimv2  -  Vimvt 


(2) 


(3) 


so  the  work  is  the  change  in  kinetic  energy,  at  least  on  the  molecular  scale. 
Macroscopically,  however,  as  in  the  reversible  expansion  of  a  gas  against  a  pis¬ 
ton  of  area  A,  the  kinetic  energy  of  the  gas  as  a  whole  does  not  change  (as¬ 
sumed  to  be  at  rest  initially,  it  remains  at  rest).  Nevertheless,  there  is  work: 


w  —  /  (f/A)  (A  dx)  =  /  P’  dV  =  -  /  P  dV  (4) 


where  P  is  the  pressure  and  V  the  volume  of  the  gas,  dV  =  A  dx,  and  P’  = 
f/A  =  — P.  For  this  expansion,  equation  (3)  does  not  apply  because  equation 
(2)  doesn’t:  the  force  applied  does  not  result  in  acceleration  of  the  entire 
mass  of  gas. 


The  Nature  of  Work,  Keenan  (1970)  defines  work  with  the  sentence 
“Work  flows  from  a  system  (and  to  another)  during  a  given  operation  if  the 
sole  effect  external  to  the  system  could  be  the  rise  of  a  weight.”  If  work 
flows,  it  must  be  a  fluid.  Yet  he  also  says  that  “Before  the  action  no  work  is 
present,  and  after  the  action  no  work  is  present.”  These  are  the  properties 
Thorne  Smith  attributed  to  ectoplasm.  What  happened  to  our  fluid? 

The  ectoplasmic  properties  of  work  are  explicable  only  if  we  assume  that 
the  vanishing  is  really  a  renaming;  otherwise,  energy  is  not  conserved.  Before 
the  process,  and  also  after  the  process,  we  call  that  parcel  of  energy  some¬ 
thing  else:  either  potential  energy  (as  in  the  rise  of  a  weight),  or  internal  ener¬ 
gy.  Work  is  energy  in  transit,  and  when  its  journey  has  been  accomplished, 
there  is  no  way  we  may  recognize  it  as  distinct  from  other  forms  of  energy. 

Implicit  in  many  discussions,  but  explicit  in  none  (so  far  as  I  know),  is  the 
definition  that  Work  is  that  part  of  the  energy  transferred  from  one  system  to 
another ,  during  a  process ,  which  does  not  use  or  require  a  thermal  gradient 
for  the  transfer . 
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Morse  (1969)  says  that  “heat  represents  that  energy  content  of  the  body 
which  is  added  or  removed  in  disorganized  form;  work  is  the  energy  added  or 
removed  in  organized  form.”  Although  the  motion  of  a  piston  can  be  thought 
of  as  organized,  the  gas  behind  the  piston  is  far  from  organized,  so  that  the 
action  of  a  piston  seems  to  be  to  interconvert  organized  to  disorganized  mo¬ 
tion,  or  vice  versa.  But  this  distinction  between  heat  and  work  cannot  be 
maintained  behind  the  piston,  in  the  gaseous  thermodynamic  system. 

Regarding  dU  =  q  +  w,  Planck  (1949)  wrote:  “The  quantity  q  refers  only 
to  the  heat  transmitted  to  the  body  and  not,  say,  to  the  heat  “contained”  in 
the  body.”  I  agree  with  Morse  (1969)  that  “we  cannot  talk  about  the  heat 
‘contained’  by  a  given  amount  of  matter,  or  about  the  mechanical  energy  it 
contains.  It  possesses  just  one  pool  of  contained  energy  which  we  call  its  in¬ 
ternal  energy.”  Weber  (1966)  has  pointed  out  the  conflict  in  the  2  definitions 
of  heat  implied  in  Planck’s  statement.  Only  utility  need  dictate  which  defini¬ 
tion  of  heat  we  elect  to  use,  but  once  the  choice  is  made,  we  are  not  at  liberty 
(as  do  nearly  all  authors)  to  use  the  word  first  in  one  sense,  and  then  in  ano¬ 
ther.  The  practice  is  so  universal  that  its  avoidance  is  exceedingly  difficult. 

Br0nsted  (1955)  says  sarcastically  that  “Like  work,  (heat)  is  one  of  these 
concepts  for  which  ‘the  student  requires  no  definition.’  ”  We  cannot  be  con¬ 
tent  with  anything  less  than  an  operational  definition,  that  is,  to  state  what 
one  must  do  in  the  laboratory  to  get  a  number  for  that  physical  quantity. 

The  etymology  of  the  word  “calorimeter”  implies  that  it  is  an  instrument 
for  the  measurement  of  heat,  just  as  a  thermometer  measures  temperature 
and  a  chronometer  measures  time.  But  calorimeters  do  not  usually  have  a  dial 
or  scale  from  which  one  can  read  the  heat.  Instead,  the  readings  are  taken 
from  thermometers  and  chronometers.  Is  it  possible  to  get  a  unique  and  un¬ 
ambiguous  value  for  the  heat  from  these  readings? 

I  propose  to  show  that  only  heat  in  the  sense  of  Planck’s  q  has  utility,  and 
in  this  sense  we  are  forced  to  abandon  the  idea  of  heat  as  “contained”  in  the 
body.  That  is,  heat  is  not  thermal  energy;  “there  is  no  such  thing  as  the  ‘heat 
of  a  system’  or  the  ‘work  of  a  system’  ”  (Haase,  1971).  Common  practice 
agrees,  at  least  as  far  as  lip-service  is  concerned.  Thus,  Van  Ness  (1964)  and 
Sheehan  (1970)  are  2  of  many  who  adopt  a  definition  of  heat  similar  to  the 
following: 

Heat  is  that  part  of  the  energy  transferred  from  one  system  to  another, 
during  a  process,  directly  as  a  result  of  a  thermal  gradient. 

Sheehan  elects  to  define  U  as  the  total  energy,  being  the  sum  of  the  inter¬ 
nal  energy,  the  kinetic  energy  with  respect  to  an  external  coordinate  system, 
and  the  potential  energy  with  respect  to  external  force  fields.  More  common¬ 
ly,  U  includes  only  the  internal  energy,  and  the  other  2  kinds  are  considered 
constant.  In  either  case, 

dU  =  q  +  w 

having  the  following  simple  interpretation:  dU  is  the  energy  transferred  in  an 
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(infinitesimal)  process,  and  comes  in  2  parts:  one  which  involves  a  thermal 
gradient  (heat  =  q),  and  one  which  does  not  (work  =  w). 

Now  the  calorimeter  measures  the  net  change  in  one  or  more  properties  of 
a  thermodynamic  (he.,  a  calorimetric)  system.  This  net  change  is  customarily 
interpreted  as  a  temperature  change,  but  this  Is  inessential.  The  important 
point  is  that  the  calorimeter  is  blind  to  the  means  of  energy  transport,  for  all 
such  means  produce  the  same  kind  of  effect:  a  change  In  a  state  variable. 

The  state  variable  which  changes  is  selected,  not  by  the  mechanism  of 
energy  transport,  but  by  the  experimenter,  through  his  choice  of  experimen¬ 
tal  conditions.  If  the  only  distinction  between  heat  and  work  lies  in  the  mode 
of  transfer,  the  labels  have  been  lost  before  the  measurement  can  be  made. 

The  phrase  “thermal  energy”  is  commonly  defined  only  vaguely,  or  not  at 
all,  but  if  a  meaning  can  be  attached,  it  seems  to  fit  dLJ,  not  q  or  w.  The  inter¬ 
nal  energy  must  consist  of  the  energy  of  thermal  motion  of  the  molecules,  as 
envisioned  long  ago  by  Count  Rumford,  together  with  their  potential  energies 
with  respect  to  each  other.  If  a  thermodynamic  system  in  a  given  state  has 
thermal  energy,  then  ipso  facto  the  thermal  energy  is  a  state  variable,  unlike  q 
or  w. 

The  consequences  are  these.  First,  the  latent  “heat”,  including  the  “heat” 
of  sublimation,  the  “heat”  of  vaporization,  the  “heat”  of  fusion,  and  the 
“heat”  of  solid-solid  transitions,  is  a  misnomer,  since  the  latent  energy  in¬ 
volved  in  phase  changes  is  made  manifest  in  an  isothermal  process,  so  that  (by 
our  definition  above)  heat  cannot  be  involved. 

Second,  a  calorimeter  can  measure  heat  only  for  processes  in  which  there 
is  no  work,  for  what  it  really  measures  is  dU.  If  there  is  no  work,  then  dll  =  q. 

Third,  the  “heat”  capacity  is  also  a  misnomer.  Most  texts  set  q  =  C  dT, 
where  C  is  the  “heat”  capacity,  under  the  mistaken  impression  that  a  calori¬ 
meter  measures  q.  A  calorimeter  does  measure  C  dT,  but  this  is  not  q: 


(6) 


dU  =  C  dT 


For  an  isochoric  process,  equation  (6)  reduces  to  a  familiar  form: 


(7) 


but  for  the  other  processes,  it  takes  unfamiliar  forms.  The  isochoric  form  is 
familiar  because  then  the  work  is  zero,  and  dU  =  q. 

The  incorrect  equation  q  =  C  dT  leads  to  some  requirement  for  “double¬ 
think”  to  satisfy  its  strange  predictions.  For  instance,  in  the  adiabatic  expan¬ 
sion  of  a  gas,  q  =  0  by  definition.  Since  dT  is  observationally  not  zero,  to 
“save  the  phenomena”  one  must  postulate  that  C  is  zero,  for  which  experi¬ 
mental  evidence  is  totally  absent,  insofar  as  I  can  determine.  Again,  in  the  iso¬ 
thermal  legs  of  a  Carnot  cycle,  q  is  supposed  to  be  a  non-zero,  finite  quantity, 
while  dT  =  0.  Thus  C  must  be  infinite,  and  again  there  is  no  experimental  evi¬ 
dence  for  this. 
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The  process  of  measuring  the  “heat”  capacity  of  a  calorimeter  is  called  cal¬ 
ibration.  Bomb  calorimeters  are  usually  calibrated  with  samples  of  benzoic 
acid  issued  by  the  National  Bureau  of  Standards.  However,  the  calibration 
method  used  by  the  Bureau  [and  by  many  others:  (Challoner,  et  al.,  1955; 
Rossini,  1956)]  involves  the  introduction  of  electrical  work  into  a  system 
which  is  Isolated,  either  in  fact  (an  adiabatic  calorimeter),  or  in  fiction  (an 
isoperibol  calorimeter,  in  which  a  cooling  correction  is  applied  to  calculate 
what  an  isolated  calorimeter  would  have  obtained).  The  equation 

CdT  =  i2Rdt  (8) 

permits  calculation  of  C,  if  i  =  electrical  current,  R  =  resistance,  t  =  time,  and 
T  =  temperature. 

Equation  (8)  makes  sense  according  to  equation  (6),  but  not  according  to 
q  =  C  dt,  since  q  =  0  under  these  conditions.  The  application  of  equation  (8) 
has  never  shown  any  tendency  to  yield  either  C  -  0  or  C  = ~  even  in  the  limit 
as  dt  and  hence  dT  approach  zero. 

In  the  simplest  case  of  an  ideal  monatomic  gas, 

U=U0  +  (3/2)  nRT  (9) 

where  UQ  is  the  temperature-independent  part  of  U  (if  any).  By  equation  (6), 

C  =  (3/2)  nR  (10) 

a  constant,  independent  of  the  kind  of  process. 

If  the  internal  energy,  U,  is  plotted  as  a  function  of  the  variables  of  state, 
we  obtain  a  surface.  The  energy  capacity,  C,  is  a  directional  derivative  on  that 
surface,  taken  in  the  direction  of  the  actual  process.  In  the  special  case  of  an 
ideal  monatomic  gas,  the  internal  energy  depends  on  only  one  variable  of 
state  (temperature,  T),  and  so  the  ideal  gas  has  only  one  heat  capacity,  regard¬ 
less  of  the  process. 

“But  wait!”  you  cry.  “This  means  Cp  =  Cv,  and  I  thought  Cp  =  Cv  +  nR. 
Surely  only  one  of  these  is  consistent  with  experimental  data!”  This  bothered 
me,  too,  and  at  first  I  took  refuge  in  the  claim  (Kistiakowsky  and  Nazmi, 
1938)  that  “No  method  exists  at  present  which  is  capable  of  determining  di¬ 
rectly  the  heat  capacities  of  gases  at  low  pressures.”  But  when  I  examined,  for 
instance,  the  Method  of  Callendar  and  Barnes  (Partington  and  Shilling,  1924), 
I  could  not  believe  that  the  methods  were  so  bad,  or  the  experimenters  so 
maladroit,  as  to  be  unable  to  distinguish  between  these  equations.  And  the 
experimenters  claim  that  their  data  support  Cp  =  Cy  +  nR. 

A  great  deal  of  soul-searching  ensued,  and  I  tried  unsuccessfully  to  spot 
flaws  in  my  argument.  Finally  I  saw  the  importance  of  the  caveat  with  which 
I  began  this  article.  Empirical  data  do  not,  per  se,  support  or  contradict  either 
equation,  except  through  some  process  of  interpretation,  in  which  the  experi¬ 
menters  had  used,  of  course,  the  ideas  generally  accepted  at  the  time  of  their 
work.  It  never  occurred  to  them  to  test  the  equation  Cp  =  Cy. 
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The  nR  term  of  the  equation  Cp  =  Cv  +  nR  is  the  isobaric  work  required  to 
push  back  the  atmosphere,  and  this  work  is  indeed  measured  by' the  method 
of  Callendar  and  Barnes.  But  is  it  fair  or  reasonable  to  include  it  in  the  energy 
capacity?  In  other  words,  does  the  method  of  Callendar  and  Barnes  not  mea¬ 
sure  the  sum  of  the  “heat”  capacity  and  nR,  rather  than  the  “heat”  capacity 
alone? 

After  all,  the  energy  capacity  is  supposed  to  be  a  property  of  the  sub¬ 
stance,  so  that  only  that  energy  which  remains  with  that  substance  when  it  is 
heated  from  Tl  to  T2  should  contribute  to  C.  The  energy  required  to  push 
back  the  atmosphere  is  absorbed  from  the  energy  reservoir,  flows  through  the 
substance,  and  then  pushes  back  the  atmosphere.  Initially,  this  energy  is  in 
the  reservoir,  while  at  the  end,  this  energy  is  in  the  atmosphere.  In  neither  the 
initial  nor  the  final  state  is  this  energy  in  the  ideal  gas. 

Suppose  the  energy  capacity  has  been  measured  over  a  small  temperature 
range,  T2  —  Tx ,  at  constant  volume,  and  in  a  separate  experiment,  at  constant 
pressure.  Equation  (6)  then  becomes: 

Cv=  [U(T2 ,  V! )  —  U(T  1 ,  V, )]  /(T2  -T,)  (11) 

Cp  =  [U(T2,  V2)  —  U(T, ,  V, )] /(T2  —  TO  (12) 

That  is,  Cp  differs  from  Cv  only  in  that  U(T2 ,  V2)  in  equation  (12)  becomes 
U(T2  ,  in  equation  (11). 

If  U(T2 ,  V2)  differs  from  U(T2 ,  Vi),  it  must  be  by  virtue  either  of  a  dif¬ 
ference  in  average,  and  hence  total,  molecular  kinetic  energy,  or  a  difference 
in  the  value  of 

2  /  fy  dxy 

summed  over  all  i  and  j.  The  distance  between  molecule  i  and  molecule  j  is 
Xy,  and  the  force  between  them  is  fy. 

But  the  average  molecular  kinetic  energy  is  fixed  by  the  temperature, 
which  does  not  change.  Also,  for  an  ideal  gas,  fy  =  0  for  all  i  and  j,  so  that  the 
potential  energy  term  must  be  zero.  Thus,  we  place  U(T2  ,  V2)  =  U(T2,  V!  ) 
in  either  equation  (11)  or  (12)  to  find  Cp  =  Cv.  Restriction  to  monatomic 
gases  makes  the  argument  more  visible,  but  is  inessential. 

Finally,  there  is  the  matter  of  7  as  measured,  say,  by  the  method  of  Cle¬ 
ment  and  Desormes  (Mack  and  France,  1934).  It  is  usually  defined  by  7  = 
Cp/Cv,  and  the  experimental  data  are  certainly  not  consistent  with  7=1.  But 
again,  this  is  a  matter  of  interpretation.  If  I  define  7  as  (1  +  nR/C),  the  data 
are  perfectly  intelligible  on  the  basis  of  Cp  =  Cv  =  C.  The  classical  definition  is 
a  gratuitous  assumption,  not  compelled  by  the  data  alone. 

Summary.  A  calorimeter  does  not  measure  heat.  It  does  measure  changes 
in  internal  energy.  If  there  is  no  work,  however,  heat  and  internal  energy 
change  are  equal.  The  assumption  that  a  calorimeter  measures  heat  has  re¬ 
sulted  in  much  bad  nomenclature  and  some  misinterpretation  of  experimental 
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data.  In  particular,  the  energy  capacity  of  an  ideal  monatomic  gas  is  a  con¬ 
stant,  independent  of  the  process. 
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A  DISJUNCT  POPULATION  OF  THE  EASTERN  CHICKEN  TURTLE 
DEIROCHELYS  R.  RETICULARIA  IN  NORTHEASTERN  MISSISSIPPI- 

The  purpose  of  this  report  is  to  document  by  ample  specimen  evidence  the  existence  of  a 
small,  disjunct  population  of  the  eastern  chicken  turtle,  Deirochelys  r.  reticularia  in 
northeastern  Mississippi,  and  to  recommend  strongly  that  further  collecting  from  this 
small  population  be  discouraged. 

The  only  record  of  D.  r.  reticularia  in  northeastern  Mississippi  was  reported  by  Jack- 
son  (1971,  Herpetological  Review,  3(5):  89).  The  collecting  of  a  single  specimen  outside 
its  previously  known  range  (particularly  a  species  which  is  popular  in  the  pet  trade)  is 
always  suspect  as  evidence  of  range  extension.  Since  1971,  3  more  individuals  have  been 
collected  in  the  same  area.  One  specimen  (FSM-30351)  containing  11  shelled  oviducal 
eggs  was  collected  by  Elizabeth  Myerick  on  11  March  1972  in  Lowndes  County,  Missis¬ 
sippi,  0.8  km  east  of  the  Tombigbee  River  near  Columbus  in  the  flood  plain.  Another, 
(FSM- 30349),  was  collected  12  June  1972  in  southeast  Lowndes  County,  in  the  flood 
plain  of  the  Tombigbee  River  by  the  late  James  Wilder.  The  3rd  specimen  (FSM-30350) 
was  collected  by  a  surveying  party  on  8  May  1973,  near  the  junction  of  the  Tombigbee 
and  Luxapalila  rivers  in  Lowndes  County,  and  given  to  us  by  Ronald  Altig. 

Distribution  of  this  subspecies  up  to  now  included  specimens  in  northcentral  and 
southern  Mississippi  (Zug  and  Schwartz,  1971,  Cat.  Amer.  Amphib.  Rept.,  107:  1; 
Ernst  and  Barbour,  1972,  Turtles  of  the  United  States,  Univ.  Kentucky  Press,  Lexing¬ 
ton).  The  collection  of  4  specimens  in  the  Lowndes  County  area  authenticates  the  exist¬ 
ence  of  a  disjunct  population  of  D.  r.  reticularia  in  northeastern  Mississippi.  Collecting 
in  the  surrounding  counties  by  many  persons  over  the  years  has  failed  to  yield  specimens 
of  this  turtle.  The  area  is  rural,  agricultural,  and  thinly  populated  by  human  inhabitants. 

All  specimens  have  been  deposited  in  the  collections  of  the  Florida  State  Museum, 
University  of  Florida,  Gainesville.  —  Crawford  G.  Jackson,  Jr.,  and  Jon  R.  Fortman,  Mis¬ 
sissippi  University  for  Women,  Columbus  39701.  Present  address  of  C.  G.  Jackson:  San 
Diego  Natural  History  Museum,  San  Diego  CA  92112. 

NOVEL  SYNTHESIS  OF  a,  a,  a  -TRIFLUORO-p-NITROTOLUENE-W e 
wish  to  report  a  very  convenient  synthesis  for  small  quantities  of  ce,  O,  Q!  -trifluoro-p-ni- 
troluene.  Previous  syntheses  of  the  compound  of  which  the  following  examples  are  typi¬ 
cal  required  nitration  and  the  subsequent  tedious  isomer  separation  (H.  Rouche,  1927, 
Bull.  sci.  acad.  roy.  Belg.,  13:  346;  R.  J.  Albers  and  E.  C.  Kooyman,  1964,  Rec.  Trav. 
Chim.,  83:  930),  multistep  processes  (N.  T.  Drake,  C.  M.  Eaker,  J.  A.  Garman,  K.  E. 
Hamlin,  Jr.,  R.  A.  Hayes,  S.  T.  Haywood,  R.  M.  Peck,  R.  K.  Preston,  J.  Sterling,  Jr.,  J.  O. 
Van  Hook  and  E.  Walton,  1946,  J.  Am.  Chem.  Soc.,  68:  1602),  or  fluorination  using 
SF4  (W.  R.Hasek,  W.  C.  Smith  and  V.  A.  Engelhardt,  1960,7.  Am.  Chem.  Soc.,  82:  543; 
M.  Freifelder  and  G.  R.  Stone,  1961,7.  Org.  Chem.,  26:  1477)  which  requires  high  pres¬ 
sure  equipment.  For  reasons  of  expediency  or  equipment,  none  of  the  above  methods 
appealed  to  us.  Recently  Oi ,  OL,  oc  -trifluoro-p-toluidine  has  become  available  (Columbia 
Organic  Chemicals  Company,  Inc.,  912  Drake  Street,  Columbia,  S.  C.  29205,  U.S.A.) 
and  Starky  has  shown  that  aromatic  amines  may  be  replaced  with  a  nitro  group  by  diazo- 
tization  reaction  (E.  B.  Starkey,  1937,7.  Am.  Chem.  Soc.,  59:  1479),  thus  affording  a 
convenient  route  to  the  desired  Oc,  a,  OL -trifluoro-p-nitrotoluene. 


244 


THE  TEXAS  JOURNAL  OF  SCIENCE 


Experimental  OL,  ol,  ol  - Trifluoro-p-nitrotoluene 

A  solution  of  7  ml  OL,  CL,  OL  -trifluoro-p-toluidine  in  a  mixture  of  11.3  ml  concentrated 
hydrochloric  acid  and  11.3  ml  water  was  stirred  and  cooled  to  0-5  C.  The  solution  was 
brought  to  a  potassium  iodide-starch  paper  end  point  with  a  cold  solution  of  6.6  g  sodi¬ 
um  nitrite  in  7.2  ml  water.  The  temperature  was  kept  below  5  C.  Stirring  was  continued 
and  7.2  g  sodium  fluoborate  in  14.4  ml  water  was  added.  The  mixture  was  stirred  for  10 
min  and  the  solid  diazonium  fluoborate  filtered  on  a  sintered  glass  funnel  This  was 
washed  with  5  ml  of  a  5%  sodium  fluoborate  solution. 

A  mixture  of  36  g  sodium  nitrite  dissolved  in  72  ml  water  and  7  g  powdered  copper 
were  placed  in  a  flask  with  a  magnetic  stirrer.  The  diazonium  fluoborate  was  suspended 
in  36  ml  water  and  added  slowly  to  the  vigorously  stirred  mixture.  After  the  addition,  a 
small  amount  of  activated  charcoal  was  added  and  the  mixture  refluxed  for  15  minutes. 
The  solution  was  filtered  and  extracted  with  three  50  ml  portions  of  benzene.  The  water 
was  removed  with  a  Dean-Stark  separator  and  the  benzene  flash-distilled.  The  mixture 
was  cooled  and  crystals  were  collected.  After  recrystallization  from  ethanol  there  was 
obtained  2.9  g  (35%)  of  OL,  Ol,  ol  -trifluoro-p-nitrotoluene,  m.p.  39.5-40.5 °C  (corrected). 
(H.  Rouche,  1927 , Bull  set  acad.  roy.  Belg .,  13:  346),  m.p.  41.5 °C). 

We  gratefully  acknowledge  financial  support  by  the  Robert  A.  Welch  Foundation 
(Grant  No.  AO -4 13).  -  David  L.  Krottinger  and  Eldon  H.  Sund,  Department  of  Chemis¬ 
try,  Midwestern  University,  Wichita  Falls  76308. 

TADPOLE  THERMOREGULATORY  BEHAVIOR  FACILITATES  GRAC- 
KLE  PREDATION— While  studying  populations  of  Rio  Grande  Leopard  Frogs  (Rana 
berlandieri  Baird)  and  Western  Ribbon  Snakes  ( Thamnophis  proximus  Say)  within  Aus¬ 
tin,  Travis  County,  Texas,  at  the  Brackenridge  Field  Laboratory  of  the  University  of 
Texas,  I  frequently  observed  Great-tailed  Grackles  ( Quiscalus  mexicanus  prosopidicola 
Lowery)  patrolling  the  banks  of  the  amphibian  research  ponds  in  the  Spring.  In  these 
ponds  metamorphosis  of  leopard  frog  tadpoles  ceases  by  the  end  of  October;  tadpole 
growth  continues  all  winter.  By  April,  some  tadpoles  reach  10  cm  or  more  in  total 
length.  During  the  summer,  new  season  tadpoles  of  this  species  metamorphose  much 
below  this  size.  On  warm  spring  mornings,  especially  after  cool  spells  when  the  pond 
water  temperatures  lag  below  the  air  temperature,  these  oversized  leopard  frog  tadpoles 
lie  along  the  warmer  edges  of  the  pond  with  the  dorsum  partially  exposed  as  they  “sun” 
themselves.  While  exposed  they  are  easily  picked  up  by  hand  or  by  the  grackles.  The 
grackles  patrol  the  edges  of  the  ponds  containing  these  tadpoles  as  if  searching  for  them. 
The  water  depth  frequently  is  over  0.3  m  within  a  few  centimeters  of  the  bank  prevent¬ 
ing  the  grackles  from  wading  and  “fishing”  as  described  by  Skutch,  (1958,  in 
Bent ,  U.  S.  Nat.  Mus.  Bull.  211:  347)  for  Q.  m.  mexicanus. 

On  16  April  1972,  upon  approaching  Pond  3,  I  observed  an  adult  male  Great-tailed 
Crackle  fly  off  from  the  far  bank  with  an  approximately  8  cm  R.  berlandieri  tadpole  in 
his  beak.  The  tadpole  was  easily  identified  by  size  alone;  the  Bullfrog  {Rana  catesbiana 
Shaw)  does  not  breed  within  the  laboratory  grounds.  A  few  minutes  later  a  male  grackle 
again  was  observed  flying  from  the  pond  into  a  wooded  area  with  a  large  tadpole  in  his 
beak. 

Selander  (1960,  Condor,  62(1):  35)  and  Selander  and  Hauser  (1965,  Condor,  67(2): 
174)  show  that  Great-tail  Grackles  are  raising  nestlings  during  April  at  Austin.  Black 
(1970,  Bull  Okla.  Ornith  Soc  3(4):  33)  reported  Plains  Spadefoot  ( Scaphiopus  bombi- 
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frons  Cope)  tadpoles  as  the  main  food  for  nestling  Great-tailed  Grackles  in  southwestern 
Oklahoma.  Mcllhenny  (1937,  Auk  54:  291)  and  Sprunt  (1968,  in  Bent )  included  tad¬ 
poles  and  small  frogs  captured  by  females  for  nestling  Florida  Boat-tailed  Grackles  ( Q . 
major  major  Vielot).  In  Louisiana,  “the  Cricket  Frog  (Acris  crepitans)  is  the  one  most 
used”  (Mcllhenny,  1937).  Black  (1970)  saw  and  Mcllhenny  (1937)  mentioned  only  fe¬ 
males  procurring  tadpoles.  The  grackles  I  observed  were  adult  males  which  do  not  assist 
in  feeding  nestlings. 

Following  agricultural  modification  of  the  Blackland  Prairie  of  central  Texas,  these 
Great-tailed  Grackles  have  established  themselves  in  the  Austin  area  within  the  last  30 
years  (Selander  and  Giller,  1961,  Condor  63(1):  35).  The  exploitation  of  these  tadpoles 
illustrates  the  adaptability  of  this  bird  and  offers  additional  information  in  explanation 
of  its  ability  to  rapidly  invade  new  areas  and  quickly  establish  itself.  Nomenclature  of 
previous  literature  citations  altered  to  follow  taxonomic  revisions  for  grackles  as  used  by 
Bond  (1963,  Proc.  Acad .  Nat.  Sci.  Phila.  115(4):  95),  Selander  (1965,  Amer.  Nat.  99: 
129),  and  32nd  supplement  to  A.O.U.  Check -list  (1973,  Auk  90(2):  417).  Dr.  Raymond 
Neck  read  and  criticized  the  manuscript.- Joe  Ideker,  Brackenridge  Field  Laboratory. 
Austin,  Texas .  Present  address:  Box  1171,  Elsa,  Texas  78543. 

ACTIVITIES  OF  BLUE  DOLPHINS  IN  THE  ATLANTIC  OCEAN-Blue  dol¬ 
phins  ( Corypheana  equisetis)  were  observed  following  a  65  ft  ketch  between  3  March 
and  22  March  1958.  The  ketch  was  enroute  to  Antigua,  British  West  Indies,  from  the 
Canary  Islands.  The  dolphins  were  first  sighted  near  17  N.  lat.  and  34  W.  long,  and  ap¬ 
peared  to  be  feeding  on  flying  fish.  These  fish  seemed  to  be  frightened  into  flight  by  the 
disturbance  caused  by  the  moving  ketch.  Specimens  of  3  species  of  flying  fish  ( Cypselu - 
rus  heterurus,  MSU  nos.  1006-07;  C.  nigricans ,  MSU  no.  1008;  Halocypeslus  evolans, 
MSU  nos.  1004-05)  were  collected  in  the  rigging  of  the  ketch  after  being  frightened  into 
flight  by  the  dolphins. 

Dolphins  were  regularly  caught  by  rod  and  reel  to  supplement  the  ship’s  food  supply. 
Measurements  of  2  specimens  caught  showed  lengths  of  43  in  and  39  in  from  the  notch 
in  the  tail  to  the  front  of  the  head.  After  an  unsuccessful  gaffing  attempt,  one  dolphin 
was  marked  with  a  deep  scrape  on  its  back  that  was  clearly  distinguishable  during  day¬ 
time  and  nighttime.  This  marked  dolphin  accompanied  the  ketch  for  1050  miles  until  it 
disappeared  with  all  of  its  companions  at  a  position  125  miles  due  east  of  Antigua.  I  am 
unaware  of  other  records  listing  exact  distances  travelled  by  blue  dolphins  in  the  Atlantic 
Ocean. 

Gross  analysis  of  stomach  contents  of  several  dolphins  showed  that  flying  fish  com¬ 
prised  the  bulk  of  their  diet.  In  addition,  3  small  ocean  sunfish  ( Mola  lanceolta,  MSU 
nos.  1001-03)  were  found  in  one  stomach,  and  a  small  octopus  (Suborder  Octopoda)  in 
another.  A  hemiurid  trematod e(Lecithocladium),  and  a  larval  tapeworm  (Order  Trypan- 
orhyncha)  were  taken  from  the  stomach  of  another  dolphin. 

The  late  Dr.  Michael  Ovchynnyk  of  the  MSU  museum  identified  the  fishes  and  the 
parasites  were  identified  by  Dr.  David  Clark  of  MSU.  -  John  Keever  Greer,  The  Mu¬ 
seum,  Michigan  State  University,  East  Lansing,  Michigan  48823.  Present  address:  Stovall 
Museum  of  Science  and  History,  The  University  of  Oklahoma,  Norman,  Oklahoma 
73069. 


THE  BLACK  MYOTIS  (MYOTIS  NIGRICANS)  FROM  LETICIA,  COLOMBIA 
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Two  female  black  myotis  (. Myotis  nigricans )  mist-netted  over  a  swimming  pool  at  Le¬ 
ticia,  Amazonas,  Colombia,  on  30-31  December  1969,  represent  the  first  record  of  this 
species  from  the  interior  of  the  Amazon  Basin.  Both  were  lactating  and  their  measure¬ 
ments  (mm)  were:  total  length  -  84,  80;  tail  length  —  31,  33;  hind  foot  -  8,  8;  ear  - 
13,  13;  tragus  -5,5;  and  weight  (gms)  -  4.7,  4.5.  Associated  species  netted  were:  Lasiu- 
rus  ega  (3),  Molossus  bondael  (1),  and  Noctilio  labialis  (3). 

This  is  the  first  record  of  M.  nigricans  from  the  interior  of  the  Amazon  Basin.  The 
nearest  record  is  in  Peru  (airline  distance  ca.  658  km).  This  record  suggests  that  M.  nigri¬ 
cans  may  occur  throughout  the  Amazon  Basin.  Today,  the  vast  Amazon  region  remains 
one  of  the  least  biologically  investigated  areas  in  the  world.  My  specimens  differ  sub¬ 
stantially  in  size  from  the  montane  subspecies  (M.n.  caucensis)  in  the  Andes,  but  resem¬ 
ble  individuals  from  other  parts  of  lowland  South  America;  they  are  assigned  to  the  sub¬ 
species  M.n.  nigricans  (R.  LaVal,  pers.  comm.). 

Leticia  is  a  small,  frontier  town  on  the  Amazon  River  that  is  reached  only  by  boat  or 
plane.  The  area  is  flat,  low  (ca.  200  m  ele.),  and  is  surrounded  primarily  by  distrubed, 
second  growth  forest.  Wilson  (1911,  Jour.  Zool.,  163:  1-13)  calls  this  species  a  house  bat 
that  is  almost  always  found  roosting  in  or  around  man-made  structures  in  disturbed, 
areas.  Many  dwellings  in  Leticia  possess  attics  and  roof  eaves  of  various  types,  a  roosting 
habitat  preferred  by  this  colonial  species  (Wilson,  1971).  Possibly  M.  nigricans  has  not 
been  previously  recorded  in  the  interior  of  the  Amazon  Basin  because  it  is  a  recent  inva¬ 
der  to  the  area  as  a  result  of  modern  man’s  relatively  recent  encroachment  upon  the  area. 
Wilson  (1971)  suggests  that  this  species  is  a  recent  invader  to  the  Neotropics. 

The  2  specimens  (DAE  2297,  2298)  are  preserved  as  study  skins  and  skulls  at  North¬ 
west  Missouri  State  University.  Appreciation  is  extended  to  Wally  George  for  field  assis¬ 
tance,  to  Mike  Tsalickis  for  graciously  allowing  me  to  net  his  motel  swimming  pool,  and 
to  Russell  E.  Mumford  for  suggestions  on  the  manuscript.  —  David  A.  Easterla,  Depart¬ 
ment  of  Biology,  Northwest  Missouri  State  University,  Maryville,  64468. 

MODIFICATIONS  IN  THIN-LAYER  CHROMATOGRAPHIC  TECH¬ 
NIQUES  FOR  THE  QUALITATIVE  DETERMINATION  OF  SOME  COM¬ 
MON  ALKALOIDS— There  have  been  several  solvent  systems  developed  for  thin-layer 
chromatographic  separation  of  alkaloids  and  related  compounds  (Bobbitt,  1964,  Thin- 
Layer  Chromatography,  Reinhold  Publishing  Corp.,  N.Y.),  most  of  which  have  gained 
wide-spread  acceptance.  Some  of  these  systems  (Randerath,  1966,  Thin-Layer  Chroma¬ 
tography,  2nd  ed.,  Academic  Press,  N.Y.)  may  be  improved  for  the  separation  of  the 
specific  alkaloids  quinine,  nicotine,  caffeine,  and  strychnine,  all  of  which  can  be  en¬ 
countered  in  drug  analysis,  by  varying  the  ratios  of  the  individual  components  of  the  sol¬ 
vent  system.  It  is  for  the  purpose  of  drug  analysis  that  these  solvent  systems  are  being 
reported. 

Standard  thin-layer  chromatographic  techniques  were  used  in  this  study  (Stahl,  1969, 
Thin-Layer  Chromatography,  2nd  ed.,  Springer-Verlag,  N.Y.,  Inc.).  Flourescent  silica  gel 
plates  were  prepared  by  a  spray  technique  developed  in  this  laboratory.  Each  20  x  20  cm 
plate  was  coated  with  approximately  10  g  of  absorbant  and  divided  into  12  sections  by 
scoring.  The  alkaloids  caffeine,  nicotine,  quinine  sulfate,  strychnine  sulfate,  and  brucine 
sulfate,  a  closely  related  alkaloid,  were  prepared  in  a  single  water  solution  at  50  jUg/ml 
each.  Each  plate  was  spotted  12  times,  1  cm  from  the  bottom,  and  was  developed  in 
each  of  the  solvent  systems.  The  total  distance  traveled  by  each  solvent  system  front  was 
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15  cm.  A  minimum  of  5  plates  per  solvent  system  was  run,  giving  a  minimum  of  60  Rf 
values  for  each  compound,  the  average  of  which  is  reported. 

The  solvent  system  benzene-ethyl  acetate-die thylamine  in  a  ratio  of  7:2:1  is  an  exam¬ 
ple  of  one  solvent  system  which  has  been  reported  for  the  separation  of  alkaloids  (Ran- 
derath,  1966).  Using  this  system,  the  Rf  values  for  the  5  alkaloids  as  determined  in  our 
lab  are  shown  in  column  2  of  Table  1.  Changing  the  solvent  system  ratio  to  10:10:3  re¬ 
sults  in  a  better  separation,  especially  between  strychnine  and  caffeine,  as  the  Rf  values 
in  coumn  3  of  Table  1  show.  The  change  in  Rf  values  is  large  enough  to  provide  better 
resolution  between  the  compounds,  increasing  the  efficiency  of  separation  and  identifi¬ 
cation. 


Table  1 


A  Comparison  of  Rf  Values  of  Caffeine,  Nicotine,  Quinine,  Brucine,  and  Strychnine  in 
the  Solvent  System  Benzene-Ethyl  Acetate-Diethyl  Aminea 


Compound 

Rfb 

RfC 

Caffeine 

0.613  ±0.014 

0.664  ±0.013 

Nicotine 

0.826  ±0.013 

0.891  ±0.014 

Quinine 

0.261  ±0.016 

0.222  ±0.015 

Brucine 

0.396  ±0.010 

0.385  ±0.010 

Strychnine 

0.565  ±0.010 

0.542  ±0.010 

aUV  light  was  used  as  the  visualizer. 
^Solvent  system  ratio  =  7:2:1 
cSolvent  system  ratio  =  10:10:3 


Another  solvent  system  which  has  been  reported  for  the  separation  of  alkaloids  is  one 
using  ethanol-acetic  acid-f^O  in  the  ratio  6:3:1  (Helmkamp  and  Johson,  1968,  Selected 
Experiments  in  Organic  Chemistry,  W.H.  Freeman  and  Co.,  San  Francisco).  Using  this 
system,  the  Rf  values  as  determined  in  our  laboratory  are  shown  in  column  2  of  Table  2. 
Incorporating  a  lesser  change  in  the  solvent  system  ratio  than  in  the  previous  solvent  sys¬ 
tem  shows  a  relatively  greater  change  in  Revalues  as  can  be  seen  in  column  3  of  Table  2. 

It  is  worth  noting  here  that  in  the  basic  solvent  system  of  benzene-ethyl  acetate- 
diethylamine,  nicotine  has  a  relatively  large  R^  value,  while  quinine  has  a  relatively  low 
one.  The  exact  opposite  is  the  case  when  these  2  compounds  are  separated  using  the 
acidic  solvent  system  ethanol-acetic  acid-H20.  Therefore,  using  an  acidic  solvent  system 
and  a  basic  solvent  system  in  succession  may  provide  analytical  information  quite  useful 
in  the  identification  of  compounds  with  similar  chemical  structures. 

The  use  of  acetic  acid  in  solvent  systems  is  often  reported;  however,  formic  acid  may 
be  used  in  place  of  acetic  acid  in  some  solvent  systems,  causing  a  significant  change  in 
the  resulting  Rf  values  of  the  compounds  being  separated.  For  example,  when  formic 
acid  replaces  acetic  acid  in  the  previously  discussed  solvent  system,  significant  increases 
in  R^  values  occur  for  the  5  alkaloids  under  investigation  as  can  be  seen  in  Table  3. 
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Table  2 

A  Comparison  of  Values  of  Caffeine,  Nicotine,  Quinine,  Brucine,  and  Strychnine  in 
the  Solvent  System  Ethanol-Acetic  Acid-H2Oa 


Compound 

Rfb 

RfC 

Caffeine 

0.814  ±0.012 

0.779  ±0.012 

Nicotine 

0.308  ±0.010 

0.325  ±0.011 

Quinine 

0.759  ±0.012 

0.724  ±0.011 

Brucine 

0.543  ±0.010 

0.491  ±0.010 

Strychnine 

0.616  ±0.010 

0.542  ±0.010 

aUV  light  was  used  as  the  visualizer 
^Solvent  system  ratio  =  6:3:1 
cSolvent  System  ratio  =  21:7:3 


Table  3 


A  Comparison  of  R^  Values  of  Caffeine,  Nicotine,  Quinine,  Brucine,  and  Strychnine  in 
the  Solvent  Systems  Ethanol-Acetc  Acid-H20  and  Ethanol-Formic  Acid-Ha Oa 


Compound 

Caffeine 

Nicotine 

Quinine 

Brucine 

Strychnine 


rT 

0.779  ±0.012 
0.325  ±0.011 
0.724  ±0.011 
0.491  ±0.010 
0.542  ±0.010 


iVf 

0.836  ±  0.011 
0.444  ±0.012 
0.853  ±0.010 
0.692  ±0.010 
0.734  ±0.010 


aUV  light  was  used  as  the  visualizer 

1*1 

solvent  system  =  Ethanol-Acetic  Acid-H20  in  the  ratio  21:7:3 
cSolvent  system  =  Ethanol-Formic  Acid-H20  in  the  ratio  21:7:3 


Therefore,  a  change  in  acidity  of  a  solvent  system  may  provide  for  a  better  separation  of 
compounds  similar  to  those  being  studied  which  provides  for  a  useful  analytical  tool  in 
the  separation  and  identification  of  various  drug-type  substances. 

The  changes  in  solvent  systems  reported  here  were  done  to  accomplish  better  separa¬ 
tions  between  the  5  alkaloids  studied.  These  changes,  when  used  in  succession  with  each 
other,  can  provide  better  separation  and  identification  of  these  compounds.  -  By  Mich¬ 
ael  /.  Carlo,  Paul  D.  Swaim,  and  H.  David  Harlan,  Chemistry  Department,  Angelo  State 
University ,  San  Angelo  76901. 
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GENERALIZED  LIPSCHITZ  CONDITIONS 


by  FRANK  N.  HUGGINS 

Department  of  Mathematics,  The  University  of  Texas  at 
Arlington,  Arlington  76010 

ABSTRACT 


In  this  paper,  the  concept  of  a  Lipschitz  condition  of  order  p  is  generalized  by  replac¬ 
ing  the  variable  with  an  increasing  function  of  that  variable.  A  study  is  then  made  to  de¬ 
termine  the  properties  possessed  by  functions  which  satisfy  a  uniform  Lipschitz  condition 
of  order  p  with  respect  to  an  increasing  function  m  on  an  interval  [  a,  b  ] . 


DEFINITION  1 .  The  statement  that  f  satisfies  a  uniform  Lipschitz  condi¬ 
tion  of  order  p  with  respect  to  m  on  [a,  b]  means  that  f  is  a  function  whose 
domain  includes  [a,  b] ,  m  is  a  real-valued  increasing  function  on  [a,  b] ,  p  is  a 
positive  number,  and  there  exists  a  nonnegative  number  K  such  that  if  x2  and 
x2  are  numbers  in  [a,  b] ,  then 

I  f(xj)  —  f(x2 )  I  <  K  •  |  m  (Xi )  - m  (x2 )  |  P. 

Suppose  f  satisfies  a  uniform  Lipschitz  condition  of  order  p  with  respect 
to  m  on  [a,  b] .  Then  (1)  if  q  is  a  real  number  such  that  0  <  q  <  p,f  satisfies  a 
uniform  Lipschitz  condition  of  order  q  with  respect  to  m  on  [a,  b] ,  (2)  if  c  is 
a  number  in  [a,  b]  and  m  is  continuous  on  the  right  (left)  at  (c,m(c)),  f  is  con¬ 
tinuous  on  the  right  (left)  at  (c,f(c)),  (3)  if  m  satisfies  a  uniform  Lipschitz 
condition  of  order  q  with  respect  to  mi  on  [a,  b],f  satisfies  a  uniform 
Lipschitz  condition  of  order  pq  with  respect  to  mi  on  [a,  b] ,  (4)  if  p  >  1 ,  f  is 
absolutely  continuous  with  respect  to  m  on  [a,  b]  ;  if  p  >  1,  f  is  of  bounded 
variation  on  [a,  b]  and  hence  is  quasicontinuous  on  [a,  b] .  Furthermore,  if 
edch  of  f  and  g  satisfies  a  uniform  Lipschitz  condition  of  order  p  with  respect 
to  m  on  [a,  b] ,  then  each  of  f  ±  g  and  fg  satisfies  a  uniform  Lipschitz  condi¬ 
tion  of  order  p  with  respect  to  m  on  [a,  b] . 

If  m  is  a  continuous  increasing  function  on  [a,  b] ,  f  is  a  function  such  that 


Dmf(c)  =  lim 

x->c 


f(x)  —  f(c) 

m(x)  -m(c) 
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exists  for  each  number  c  in  [a,b] ,  and  the  function  Dmf  is  bounded  on  [a,  b] , 
then  f  satisfies  a  uniform  Lipschitz  condition  of  order  1  with  respect  to  m  on 
[a,  b] . 

DEFINITION  2.  The  statement  that  f  has  bounded  slope  variation  with 
respect  to  m  over  [a,  b]  means  that  f  is  a  function  whose  domain  includes 
[a,  b] ,  m  is  a  real-valued  increasing  function  on  [a,  b] ,  and  there  exists  a  non¬ 
negative  number  B  such  that  if  \  n  is  a  subdivision  of  [a,  b]  with 
n  >  1 ,  then  L  ll  i=0 


n-1 

E 

i=l 


fCXfrP-ffrj),  _  f(Xi)-f  (xH1) 
m(xi+1)-m(Xj)  m(xi)-m(xi_1) 


The  least  such  number  B  is  called  the  slope  variation  of  f  with  respect  to  m 
over  [a,  b]  and  is  denoted  by  (df/dm).  [Note:  VjJ(df/dm)  =  0.] 

The  above  sum  is  nondecreasing  with  respect  to  refinements. 


THEOREM  1 .  If  f  satisfies  a  uniform  Lipschitz  condition  of  order  p>  2 
with  respect  to  m  on  [a,  b] ,  then  f  has  bounded  slope  variation  with  respect 
to  m  over  [a,  b] . 

As  shown  by  the  following  example,  the  converse  of  Theorem  1  is  not  true. 
In  what  follows,  I  denotes  the  function  defined,  for  each  x,  by  I(x)  =  x. 

EXAMPLE  1.  On  [0,  1]  ,  let  m  =  I  and  f  =  I3  /2 .  Then  f  '  =  (3/2)  I  1/2  is  of 
bounded  variation  on  [0,  1]  so  that,  by  Theorem  8  of  Huggins  (1973),  f  has 
bounded  slope  variation  with  respect  to  I  over  [0,  1] .  However,  if  xt  =  x  and 
x2  =  0,  then 

| f(xx )  f(x2 )  1/  lm(x1)-m(x2)  I2  =  x  "1 12 

which  is  unbounded  as  x  0.  Consequently  f  does  not  satisfy  a  uniform  Lip¬ 
schitz  condition  of  order  2  with  respect  to  I  on  [0,1] .  Note  that  f '  is  bounded 
on  [0,  1]  so  that  f  does  satisfy  a  uniform  Lipschitz  condition  of  order  1  with 
respect  to  I  on  [0,  1]  . 

By  Lemma  3.3  of  Webb  (1967),  if  f  has  bounded  slope  variation  with 
respect  to  m  over  [a,  b]  and  a  <  c  <  b,  then 
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D+f(c)  —  * 

x->c 


m 


lim 


m(x)  -  rn(c) 


exists  and  if  a  <  c  <  b ,  then 

D~f(c)  =  lim  f(x)  ~  f(c) 
x->c  m(x)  -  m(c) 

exists.  By  Corrollary  8.1  of  Huggins  (1973),  if  f  has  bounded  slope  variation 
with  respect  to  m  over  [a,  b]  and  D+  is  the  function  defined,  for  each  x  in 
[a,  b] ,  by  D+(x)  =  D^f(x)  for  x  in  [a,  b);  D+(b)  =  Dmf(b),  then  D+  is  of 
bounded  variation  on  [a,  b] .  Similarly,  it  can  be  shown  that  if  D~  is  the  func¬ 
tion  defined,  for  each  x  in  [a,  b] ,  by  D  (a)  =  D^f(a);  D  (x)  =  E>mf(x)  for  x 
in  (a,  b]  ,  then  D~  is  of  bounded  variation  on  [a,  b] .  Thus  both  D+  and  D~ 
are  bounded  on  [a,  b] . 

DEFINITION  3.  If  f  Is  a  function  bounded  on  [a,  b] ,  then  II  f  II,  called  the 
norm  of  f,  denotes  the  least  upper  bound  of  |  f(x)  |  for  x  in  [a,  b] . 

THEOREM  2.  If  f  has  bounded  slope  variation  with  respect  to  m  over 
[a,  b] ,  then  f  satisfies  a  uniform  Lipschitz  condition  of  order  1  with  respect 

to  m  on  [a,  b] . 

Proof.  Let  Kj  =  |  f(b)  -  f(a)  |  /  [m(b)  -  m(a)] , 

K2  =  V^(df/dm)  +  II  D+ II  +  1 , 

K3  =  V^(df/dm)  +  ID-  1+1, 

and  K  =  max.  [Kx ,  K2 ,  K3  ] .  It  is  easily  seen  that  if  xx  and  x2  are  numbers  in 
[a,  b] , then 


|  f(xi)-f(x2)  |  <  K*  |m(x1)~m(x2)  |. 

Hence  f  satisfies  a  uniform  Lipschitz  condition  of  order  1  with  respect  to  m 
on  [a,  b] . 

As  shown  by  the  following  example,  the  converse  of  Theorem  2  is  not  true. 
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EXAMPLE  2.  Let  x0  =  0  and  for  each  positive  integer  n,  let  x2n  =  l-l/2n 
and  x2n_i  =  (x2n_2  +  x2n)/2  =  l“3/2n+1  .  Let  f  denote  the  function  de¬ 

fined,  for  each  x  in  [0,1] ,  by  f(0)  =  f(l)  =  0,  f(x2n)  =  0,f(x2n.1)=  l/2n+1, 

and  let  f  be  linear  in  [xn_x  ,xn] .  The  function  f  is  continuous  and  of  bounded 

1 

variation  on  [0,1] .  In  fact,  the  total  variation  is  V0(f)  =  1.  Moreover,  if  Xi 
and  x2  are  numbers  in  [0,1] ,  then 

I  f(xj)-f(x2)  |  /  |  Xj-X2  I  <  1. 

Thus  f  satisfies  a  uniform  Lipschitz  condition  of  order  1  with  respect  to  I  on 
[0,1] .  However,  for  each  positive  integer  n,V0n  (df/dl)  =2n— 2.  Consequent¬ 
ly  f  does  not  have  bounded  slope  variation  with  respect  to  I  over  [0,1]. 

DEFINITION  4.  The  statement  that  the  Hellinger  integral^  (df)2/dm 
exists  means  that  f  is  a  function  whose  domain  includes  [a,b] ,  m  is  an  increas¬ 
ing  function  on  [a,b] ,  and  there  exists  a  nonnegative  number  B  such  that  if 
(xi  }?  is  a  subdivision  of  [a,b] ,  then 


n  [fCXj)  —  fCxi.j)] 2 

Z  - — - <B. 

i=l  m(Xi)  Bm(xi-i) 

The  least  such  number  B  is  the  Hellinger  integral^  (df)2/dm. 

The  above  sum  is  nondecreasing  with  respect  to  refinements. 

For  the  function  f  of  Example  2,  the  Hellinger  integral^  (df)2/dl  exists 
and  has  the  value  1.  Thus  f  is  a  function  such  that^  (df)2/dl  exists  even 
though  f  does  not  have  bounded  slope  variation  with  respect  to  I  over  [0,1] . 
This  is  perhaps  a  more  “satisfactory”  example  (at  least  to  the  author)  than 
that  given  in  Example  1  of  Huggins  (1973)  where  a  function  F  having  this 
property  was  defined  in  terms  of  an  integral. 

THEOREM  3.  If  f  satisfies  a  uniform  Lipschitz  condition  of  order  p  >1 
with  respect  to  m  on  [a,b] ,  then  the  Hellinger  integral^/*5  (df)2/dm  exists. 
The  following  example  shows  that  the  converse  of  Theorem  3  is  not  true. 
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EXAMPLE  3.  Let  x0  =  0,  Xi  =1/4,  and  for  each  positive  integer  n  >  2,  let 
xn  =  1  -  1/n.  Let  f  be  the  function  defined,  for  each  x  in  [0,1] ,  by  f(0)  =  f(l) 
=0,  f(x2n)  =  0,  f(x2n-i)  =  n-'7  74  ,  and  let  f  be  linear  in  [xn_i ,  xn] .  The  func¬ 
tion  f  is  continuous  and  of  bounded  variation  on  [0,1] .  It  is  easily  seen  that 
for  n  >1,  the  slope  of  the  graph  of  f  over  (x2n,  x2n+1)  is 

(2n)  (2n  +  1)  (n  +  1)  7/4 


which  increases  without  bound  as  n  -*  «>  .  Consequently  f  does  not  satisfy  a 
uniform  Lipschitz  condition  of  order  1  with  respect  to  I  over  [0,1] .  However, 


(dry 

dl 


8+2 


oo 

£ 

n= 


(2n+  l)2  (n  +  1) 


-7/2 


Here  again  is  an  example  of  a  function  f  such  that  (df)  2 /dl  exists 

even  though  f  does  not  have  bounded  slope  variation  with  respect  to  I  over 
[0,1] .  The  function  f  of  Example  3  is  also  an  example  of  a  function  which  is 
of  bounded  variation  on  [0,1]  and  is  absolutely  continuous  with  respect  to  I 
on  [0,1] ,  but  does  not  satisfy  a  uniform  Lipschitz  condition  of  order  1  with 
respect  to  I  on  [0,1] . 


/ 


THEOREM  4.  If  /  (df)  /dm  exists,  then  f  satisfies  a  uniform  Lipschitz 


condition  of  order  1/2  with  respect  to  m  on  [a,b] . 

To  see  that  the  converse  of  Theorem  4  is  not  true,  consider  the  following 
example. 

EXAMPLE  4.  On  [0, 1]  ,letm  =  I  and  f  =  I  1 7 2 .  If  xx  and  x2  are  numbers  in 
[0,1] ,  then  by  a  well  known  inequality, 


|(xi)H-(x2),4|<  |x,  -X2.  |  1/z. 

Thus  f  =  I1 72  satisfies  a  uniform  Lipschitz  condition  of  ordej  1/2  with  respect 
to  I  over  [0,1].  If  n  is  a  positive  integer  and  {  Xj  }|Lq  is  a  subdivision  of  [0,1  ] 
such  that  Xj  =  i/n,  i  =  0,1 , .  .  .  ,  n,  then  it  is  easily  seen  that 

n  [(Xi)1/2  -(xj.j)172]2  !  n  i 

Z  - - - l  -  • 

i=l  xi  “  xi-i  4  i=l  i 
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Since  the  sum  on  the  right 
/q  (df)  2  /dl  does  not  exist. 


increases  without  bound  as  n 


oo  ,  it  follows  that 
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cross  hair,  the  light  transmission  direction  does  not  lie  in  a  plane  of  optic  sym¬ 
metry  and  therefore  no  critical  orientations  are  measurable  and  the  student 
should  seek  another  crystal.  When  the  model  is  used  in  conjunction  with  inter¬ 
ference  figures,  students  obtain  a  much  clearer  understanding  of  what  is  taking 
place  within  the  biaxial  crystal  and  how  crystal  orientation  is  related  to  inter¬ 
ference  figures. 

In  addition  to  using  the  acrylic  plastic  model  of  light  behavior  in  the  under¬ 
graduate  Optical  Mineralogy  course  at  West  Texas  State  University,  it  is  also 
used  in  the  graduate  course  on  Five-Axis  Universal  and  Spindle  Stages. 
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ABSTRACT 


The  resistivity  of  palladium  and  palladium/hydrogen  alloys  is  analyzed  by  calculating 
the  Gruneisen  characteristic  temperature,  fr.  It  is  found  that  Q.  is  only  slightly  sensitive 
to  the  hydrogen  concentration  for  H/Pd  1  0.55.  However,  for  H/Pd  =  0.70,  Q-  increases 
rapidly  as  the  temperature  decreases.  This  behavior  is  ascribed  to  scattering  from  optical 
vibrations  associated  with  the  protons. 

Experimental  data  of  the  electrical  resistivity  of  the  palladium/hydrogen 
system  over  a  broad  range  of  temperatures  have  been  published  previously 
(Haywood,  Verdini,  1968;  Ho,  et  al. ,  1968).  These  results  have  been  discussed 
primarily  in  terms  of  the  p  p*  transformation  which  occurs  near  5 OK  in  the 
range  of  high  hydrogen  concentration  (H/Pd  >  0.5).  This  transformation  is 
presumably  related  to  the  large  deviations  from  Matthiessen’s  rule  which  have 
been  found  (Haywood  and  Verdini,  1968). 

The  present  article  discusses  previous  experimental  results  of  the  temper¬ 
ature  dependence  of  the  electrical  resistivity  of  this  alloy  system  (Haywood 
and  Thesis,  1969)  in  terms  of  the  Gruneisen-Bloch  relation,  which  may  be 
written 


where  PjT  is  the  temperature -dependent  ideal  resistivity,  T  is  the  absolute 
temperature,  K  is  a  constant  which  typifies  the  electron-photon  interaction 

1On  leave  of  absence  from  Istituto  di  Acustica  “O.M.  Corbino,”  C.N.R.,  Roma,  Italy. 
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in  the  metal  and 


G 


is  the  Gruneisen  function.  Qj.  is  a  temperature  char¬ 


acteristic  of  the  metal’s  lattice  resistivity  in  the  same  way  as  the  Debve  temp¬ 
erature  @d  is  characteristic  of  a  solid’s  lattice  specific  heat  (Gruneisen.  1933; 
Meaden,  1965).  The  usual  way  for  utilizing  Qj.  is  to  treat  it  as  a  variable  para¬ 
meter  and  to  calculate  the  value  it  must  possess  at  any  temperature  in  order 
that  the  Gruneisen-Bloch  equation  may  agree  with  experiment.  Thus,  if  0j.  is 
not  constant  the  resistivity  does  not  agree  with  the  Gruneisen-Bloch  relation. 
Moreover,  changes  in  must  be  interpreted  as  changes  in  the  lattice  resistiv¬ 
ity. 

Four  principal  methods  for  calculating  ^  have  been  reviewed  by  Meaden 
(1965).  A  reliable  method  which  treats  as  a  variable  parameter  utilizes  the 
relation 


T,  2  G 

Jk  _  Ti  Pi  T 

r  x° 

c/eal 

9, 

T,  1 

9o2  Pix0 

NJ 

From  this  equation  the  unknown  characteristic  temperature  at  Tl  may  be 
calculated  simply  by  choosing  some  reference  temperature  T0  and  character¬ 
istic  temperature  0O.  For  the  present  calculations,  the  reference  temperature 
was  chosen  as  the  ice  point  temperature  and  a  value  0O  =  270  K  was  chosen 
(Meaden,  1965). 

Figure  1  shows  the  values  of  0j.  as  a  function  of  temperature  for  palladium 
and  3  representative  palladium/hydrogen  alloys.  For  pure  palladium  the 
value  of  0j.  is  consistent  with  the  value  of  270K  quoted  by  Meaden  (1965), 
for  the  temperature  range  0J./3  to  Smith,  et  al.  (1962)  have  calculated  0,. 
for  pure  annealed  palladium  and  for  palladium  after  desorption  of  hydrogen. 
Their  results  were  lower  by  about  20K;  but,  varied  considerably  with  temp¬ 
erature,  even  near  0j.,  probably  due  {o  their  method  of  calculation  (Haywood, 
1969).  Owen  and  Evans  (1967)  have  determined  a  characteristic  temperature 
by  measuring  the  fall  of  intensity  of  reflected  x-rays  with  increasing  temper¬ 
ature.  For  pure  palladium  their  result  was  0  =  267K  at  room  temperature. 
Furthermore,  they  found  that  0  increased  to  a  value  of  31  IK  for  H/Pd  =  0.07, 
their  highest  concentration.  No  analogue  to  this  latter  result  is  seen  in  the  pre¬ 
sent  experiments.  For  H/Pd  <  0.55,  the  present  results  may  be  described  in 
the  following  manner: 

1.  near  300K,  0,-  is  not  sensitive  to  the  hydrogen  concentration,  but  does 
increase  slightly  with  increasing  hydrogen  content, 

2.  for  temperatures  less  than  100K  the  characteristic  temperature  de¬ 
creases  with  increasing  hydrogen  content, 

3.  the  range  of  temperature  in  which  may  be  considered  constant  de¬ 
creases  with  increasing  hydrogen  content. 
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TEMPERATURE  (°K  ) 


Figure  1. 

For  the  alloy  with  H/Pd  =  0.70,  the  behavior  is  drastically  different.  0,. 
increases  rapidly  as  the  temperature  is  lowered.  It  is  presumed  that  this  behav¬ 
ior  is  due  to  electron  scattering  from  optical  modes  due  to  the  presence  of 
the  protons.  The  presence  of  such  optical  modes  had  been  verified  by  neutron 
scattering  by  Kley,  et  al.  (1967)  and  by  Bergsma  and  Goedkoop  (1960).  The 
importance  of  these  local  modes  at  high  concentrations  is  probably  due  to 
the  beginnings  of  the  formation  of  a  superlattice  of  protons.  This  suggestion 
is  supported  by  the  observed  decrease  in  residual  resistivity  for  H/Pd  >  0.7 
(Haywood,  etal.,  1971 ;  Bambakidis, etal.,  1969;  Skoskiewicz  and  Baranowski, 
1968).  Electron  scattering  due  to  the  presence  of  optical  modes  in  the  case  of 
zirconium/hydrogen  has  been  reported  by  Bickel  and  Berlincourt  (1960).  It 
thus  appears  that  for  high  concentrations  of  hydrogen,  the  electrical  resisti¬ 
vity  of  palladium/hydrogen  is  strongly  influenced  by  electron  scattering  due 
to  optical  mode  vibrations  associated  with  the  protons. 
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WAVE  SURFACE  MODEL  OF  POLARIZED  LIGHT  BEHAVIOR 
IN  A  BIAXIAL  CRYSTAL 


by  G.  B.  ASQUITH 

Department  of  Geology  and  Killgore  Research  Center 

West  Texas  State  University,  Canyon  7901 6 

ABSTRACT 

Using  3  squares  of  acrylic  plastic  inscribed  with  the  directions  and  relative  velocities 
of  polarized  light,  a  model  illustrating  the  behavior  of  polarized  light  in  a  biaxial  crystal 
can  be  constructed.  The  model  is  of  great  benefit  in  helping  students  understand  the  3- 
dimensional  behavior  of  polarized  light  in  biaxial  crystals.  When  the  model  is  used  in  con¬ 
junction  with  biaxial  interference  figures,  it  can  help  determine  the  optical  orientation  of 
crystals  under  a  polarizing  microscope. 

INTRODUCTION 

One  of  the  most  difficult  problems  in  teaching  optical  crystallography  is 
getting  students  to  understand  and  visualize  the  3-dimensional  behavior  of 
polarized  light  in  a  biaxial  crystal.  Most  modern  text  books  on  optical  crystall¬ 
ography  utilize  perspective  illustrations  of  the  biaxial  indirectrix  with  thp  criti¬ 
cal  directions  (a,  (3,  and  7  )  represented  by  the  respective  refractive  indices 
(low,  intermediate,  and  high).  The  author,  however,  prefers  to  use  a  wave  sur¬ 
face  diagram  (Fig.  1,  after  Emmons,  1959:  5)  where  the  3  critical  directions 
(a,  (3,  and  7  )  are  represented  by  the  respective  velocities  of  polarized  light 
(fast,  intermediate,  slow).  The  principal  advantage  of  using  the  wave  surface 
diagram  is  that  it  directly  portrays  the  relative  velocities  of  light  traveling  in  a 
crystal  rather  than  the  inverse  relationship  (i.e.  the  indices  of  refraction).  The 
author’s  experience  in  teaching  optical  crystallography  indicates  that  the  con¬ 
cept  of  wave  surface  diagram  is  much  easier  for  the  student  to  grasp  than  the 
concept  of  the  biaxial  indicatrix.  For  a  more  detailed  description  of  the  wave 
surface  concept,  the  reader  is  referred  to  Emmons  (1959:  1-10). 

CONSTRUCTION 

The  model  (Fig.  2)  is  constructed  of  three  4-in.  squares  of  acrylic  plastic 
which  are  1/8  in.  thick.  Inscribed  on  the  plastic  squares  are  the  directions  and 
relative  velocities  of  polarized  light  within  a  biaxial  crystal.  Figure  2  shows 
the  3  plastic  squares  (planes  of  optic  symmetry)  inscribed  with  the  directions 
and  velocities  of  polarized  light  (Note:  a  -  fast  direction,  j3  -  intermediate 
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r 


Fig.  1  Wave  surface  diagram  for  a  biaxial  crystal 
(after:  Emmons,  1959:  5). 


direction,  and  y  -  slow  direction).  The  velocity  of  light  within  the  crystal  and, 
therefore  the  refractive  index,  is  determined  by  the  vibrarion  direction  of 
light,  not  the  transmission  direction  (Fig.  2). 

The  plane  labeled  a  -  y  is  not  only  a  plane  of  optic  symmetry  but  it  is  also 
the  optic  plane  (i.e.  the  plane  of  optic  symmetry  that  contains  the  optic  axes). 
The  2  optic  axes  are  located  by  inscribing  lines  through  the  positions  where 
the  circle  and  the  ellipse  cross  (i.e.  position  of  zero  retardation)  which  will 
outcrop  as  melatopes  on  the  corresponding  biaxial  interference  figure.  Since 
the  optic  plane  is  a  unique  plane  of  optic  symmetry,  it  is  made  of  brightly 
colored  acrylic  plastic  to  contrast  with  the  other  planes  of  optic  symmetry. 
The  bright  color  enables  the  user  to  rapidly  identify  the  optic  plane  in  the 
model. 
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In  order  to  assemble  the  model,  the  (3-y  plane  (Figure  2)  is  cut  in  half  and 
each  half  is  cemented  to  the  at-y  plane  (optic  plane)  with  plastic  acrylic  ce¬ 
ment.  In  this  operation,  it  is  important  that  the  corresponding  circles  and 


(X-7  PLANE 


All  Squares  Are  Made  of  1/8" 

Acrylic  Plastic 


"fr  Light  Transmission 

Direction 

•  Vibration  Direction  _L  To 
Plane  of  Illustration 


Vibration  Direction  //  To 
Plane  of  Illustration 


Ot  Fast  Ray 
0  Intermediate  Ray 
7  Slow  Ray 


Cutting  Line 


Colored  Acrylic 

Plastic 


Fig.  2 


Details  for  construction  of  acrylic  plastic 
biaxial  wave  surface  model. 
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ellipses  of  the  2  planes  coincide  (Fig.  1).  Next,  the  P-a  plane  is  cut  into  quar¬ 
ters  and  each  of  these  quarters  is  cemented  to  the  2  planes  previously  assem¬ 
bled.  Again,  it  is  important  that  corresponding  circles  and  ellipses  match 

(Fig.  1). 

The  planes  in  Figure  2  are  for  a  biaxial  positive  mineral  (i.e.  P  close  to  a) 
but  a  biaxial  negative  mineral  can  readily  be  constructed  by  simply  redrawing 
the  circles  and  ellipses  in  each  plane  with  P  close  to  7.  This  changes  acute  2V 
from  around  7  to  acute  2V  around  a  .  In  order  that  students  achieve  a  clearer 
understanding  of  the  principles  involved,  they  are  asked  to  construct  both  a 
biaxial  positive  and  a  biaxial  negative  wave  surface  model  from  cardboard,  be¬ 
fore  receiving  their  plastic  models. 

USES 

The  plastic  model  described  herein  is  used  primarily  in  2  ways:  1)  instruc¬ 
tion  in  the  behavior  of  light  in  biaxial  crystals  and  2)  determination  of  crystal 
orientation  under  a  polarizing  microscope.  Using  the  acrylic  plastic  model, 
the  instructor  places  the  model  at  a  particular  orientation  and  has  the  students 
place  their  plastic  models  in  a  similar  orientation.  They  are  then  asked  a  series 
of  questions  to  probe  their  understanding  of  polarized  light  behavior  in  a  bi¬ 
axial  crystal.  For  example,  these  questions  might  deal  with  which  direction 
(a,  P,  or  7)  is  being  transmitted  at  the  original  orientation  and  what  would 
happen  if  the  model  were  to  be  rotated  around  a  vertical  axis,  a  N-S  axis,  or 
an  E-W  axis.  Also  they  might  be  asked  whether  or  not  the  crystal  would  be  at 
extinction  if  the  Polars  had  been  crossed  during  these  rotations.  Practice  with 
these  “rotational  problems”  not  only  helps  the  students  gain  a  more  thorough 
understanding  of  crystal  optics  but  it  also  enables  the  instructor  to  determine 
their  degree  of  understanding. 

A  2nd  major  use  of  the  model  is  in  conjunction  with  biaxial  interference 
figures  when  determining  crystal  orientation  under  a  polarizing  microscope. 
In  doing  immersion  work,  students  most  often  measure  the  refractive  indices 
of  a,  p,  and  7  in  their  critical  positions  (i.e.  their  vibration  directions  are  par¬ 
allel  to  the  microscope  stage).  By  using  the  model,  students  can  readily  see 
that  when  the  light  transmission  direction  lies  in  a  plane  of  optic  symmetry, 
one  ray  will  be  critical  and  the  corresponding  interference  figure  will  be  a  sin¬ 
gle  isogyre  centered  on  a  cross  hair.  Further,  students  using  the  model  can  see 
that  when  a  single  isogyre  is  E-W,  the  critical  ray  is  N-S  and  therefore  a  refrac¬ 
tive  index  determination  can  be  made.  If  the  light  transmission  direction  lies 
in  2  planes  of  optic  symmetry,  it  will  be  apparent  by  referring  to  the  model 
that  2  rays  are  critical  and  the  corresponding  interference  figure  will  be  a  cen¬ 
tered  biaxial  figure  (Bxa,  BxQ,  or  Flash).  From  this  orientation,  2  critical  re¬ 
fractive  indices  can  be  measured  90°  apart.  If  no  isogyres  are  centered  on  a 
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cross  hair,  the  light  transmission  direction  does  not  lie  in  a  plane  of  optic  sym¬ 
metry  and  therefore  no  critical  orientations  are  measurable  and  the  student 
should  seek  another  crystal.  When  the  model  is  used  in  conjunction  with  inter¬ 
ference  figures,  students  obtain  a  much  clearer  understanding  of  what  is  taking 
place  within  the  biaxial  crystal  and  how  crystal  orientation  is  related  to  inter¬ 
ference  figures. 

In  addition  to  using  the  acrylic  plastic  model  of  light  behavior  in  the  underr 
graduate  Optical  Mineralogy  course  at  West  Texas  State  University,  it  is  also 
used  in  the  graduate  course  on  Five-Axis  Universal  and  Spindle  Stages. 
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RELATIONSHIP  BETWEEN  THE  GEOLOGIC  HISTORY 
AND  ENGINEERING  PROPERTIES  OF  TWO  CRETACEOUS 
SHALES 
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ABSTRACT 


The  South  Bosque  Shale  and  the  Del  Rio  Clay  are  2  Cretaceous  shales  of  marine  ori¬ 
gin  that  crop  out  in  north-central  Texas.  Estimates  based  upon  the  relatively  well- 
established  geologic  history  of  the  local  area  indicate  that  at  least  500,  and  perhaps  as 
much  as  2000  ft  of  overburden  once  covered  these  shales.  Since  overburden  is  now  either 
absent  or  at  the  most  only  a  few  feet  thick,  the  shales  must  be  classified  as  being  heavily 
overconsolidated  (having  been  subjected  in  the  past  to  much  greater  overburden 
pressures  than  those  that  are  acting  now).  It  is  found  that  the  engineering  properties  of 
both  materials  faithfully  reflect  their  stress  histories.  For  the  2  shales,  the  angle  of  inter¬ 
nal  friction  in  terms  of  consolidated-undrained  tests  is  larger  than  the  angle  of  internal 
friction  in  terms  of  consolidated-drained  tests.  This  indicates  negative  pore  water  pres¬ 
sures  at  failure,  a  typical  result  for  overconsolidated  materials.  Overconsolidation  is  also 
indicated  by  the  “insensitivity”  of  the  shales  (their  undisturbed  and  remolded  strengths 
being  practically  the  same),  and  by  the  low  values  of  liquidity  index  obtained.  Finally, 
residual  angles  of  internal  friction,  ranging  from  6  to  10  corroborate  the  fractured 
and  fissured  character  of  the  shales,  and  thus,  overconsolidation. 

INTRODUCTION 


The  South  Bosque  Shale  and  the  Del  Rio  Clay  crop  out  in  the  vicinity  of 
the  Waco  urban  area  in  north-central  Texas.  Besides  causing  problems  due  to 
their  high  shrink -swell  characteristics,  both  shales  are  known  to  fail  in  natural 
and  man-cut  slopes.  Since  recent  urban  expansion  is  following  the  trend  of 
these  shales,  it  becomes  necessary  to  accurately  predict  future  problems  be¬ 
fore  they  become  a  reality.  In  order  to  fulfill  this  objective,  a  detailed  investi¬ 
gation  of  the  engineering  properties  of  both  shales  was  conducted.  The  results 
have  led  to  3  major  conclusions: 

1 .  The  engineering  properties  of  both  shales  faithfully  reflect  their  past 
geologic  histories,  especially  their  stress  histories. 

2.  Laboratory  results  corroborate  geologic  deductions  and  indicate  that 
both  shales  are  heavily  overconsolidated. 

3.  Field  evidence  offers  proof  that  long-term  slope  stability  can  be  suc- 
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cessfully  predicted  by  using  the  residual  strength  parameters  obtained  in  the 
laboratory. 

An  introduction  to  the  local  and  regional  geologic  settings  and  a  discussion 
of  the  important  results  and  conclusions  are  given  below.  A  list  of  symbols 
and  terms  is  presented  for  the  reader’s  convenience  in  Appendix  I. 

GEOLOGIC  SETTING 
Location  and  Previous  Work. 

The  study  area  lies  in  and  around  the  Waco  urban  region  within  McLen¬ 
nan  County,  Texas  (Fig.  1).  It  is  bounded  by  latitudes  31°30  '  00  "  and  , 
31°37'  30”  North,  and  longitudes  97°07'  30”  and  97°  15'  00”  West. 

Previous  work  in  the  local  area  has  been  confined  to  geologic  studies 
of  some  of  the  exposed  bedrock  (Hayward,  1957;  Seewald,  1959;  Chamness, 
1963,  Beall,  1964;  Ray,  1964;  Burket,  1965;  Brown,  1971),  and  to  a  few 
general  engineering  geology  studies  (Font,  1969,  Font  and  Williamson,  1970). 

Regional  Structure 

McLennan  County  is  underlain  by  eastward  dipping  beds  of  the  Gulf 
coastal  plain.  The  typical  homoclinal  structure  of  the  plain  is  disrupted  in  the 
Waco  area  by  the  Balcones  fault  zone,  a  zone  of  normal  faults  which  extends 
from  west  of  Uvalde  to  the  Dallas  area  (Fig.  1)  Major  faults  associated  with 
the  Balcones  system  in  the  vicinity  of  Waco  trend  north-northeast  and  exhi¬ 
bit  vertical  displacements  up  to  260  ft.  They  are  commonly  downthrown 
to  the  east,  although  some  are  downthrown  to  the  west  (Figs.  2  and  3).  A 
few,  uncommon,  nearly  east-west  trending  faults  further  complicate  the  local 
structure.  Precise  dating  of  the  faulting  in  the  vincinity  of  Waco  is  impossi¬ 
ble,  but  there  is  no  evidence  of  displacement  along  any  of  the  faults  since  the 
middle  Pleistocene  (Burket,  1965). 

Local  Structure  and  Stratigraphy 

The  Balcones  fault  system  extends  across  Waco  in  a  north-south  trend. 
Indeed,  most  of  the  engineering  geology  problems  in  the  area  are  a  direct  re¬ 
sult  of  the  fault  patterns  and  the  variety  of  rock  types  exposed.  Most  of  the 
rocks  exposed  are  limestones  and  shales  of  marine  origin  and  Cretaceous  age, 
although  some  Pleistocene  and  Recent  alluvial  deposits  are  also  present.  The 
most  prominent  physiographic  feature  is  the  Bosque  Escarpment,  and  obse- 
quent  fault-line  scarp  which  transgresses  the  city.  (Fig.  2).  The  total  Cre¬ 
taceous  section  is  about  2000  ft.  thick,  but  only  the  upper  500  ft.  crop  out 
across  the  region,  and  are  of  immediate  interest  in  engineering  projects  (Fig. 
3).  Strata  in  Waco  strike  approximately  N  5°E  and  dip  eastward  at  10  to  90 
ft.  per  mi.  The  stratigraphic  relationship,  depositional  history,  and  maximum 
thickness  of  the  Cretaceous  strata  in  the  local  area  are  summarized  in  Table  1. 
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Fig. 1  -LOCATION  MAP 
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The  geologic  characteristics  of  the  South  Bosque  Shale  (K^)  and  Del  Rio 
Clay  (K^r)  are  condensed  in  Table  2. 


South  Bosque  Shale 
Lake  Waco  Formation 

Pepper  Shale 
Del  Rio  Clay 


/  Structural 
/  Alignments 


"*1  mile  Fig.  2  -BEDROCK  GEOLOGY. 
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Table  1 

Stratigraphic  Relationship*  Depositions!  History  and  Maximum  Thickness 
of  the  Cretaceous  Strata  in  the  Local  Area 


Series 

Group 

Formation 
and  Symbol 

Deposition.!! 

History 

Maximum 
Local 
Thickness 
in  feet 

Maximum 
Probable 
Thickness 
at  one  time 
in  feet 

Gulf 

Taylor 

Taylor 

Marl 

K,a 

Deposited  dur¬ 
ing  marine  trans¬ 
gressions  and 
regressions. 

250 

1170 

Austin 

Austin 

Chalk 

Kau 

Deposited  dur¬ 
ing  marine  trans¬ 
gression  with  pos¬ 
sible  fluctuations 

250 

295 

of  the  strandMne 
Unconform  ably  un¬ 
derlies  the  K+  . 

ta 


Eagle 

South 

Deposited  in  a 

160 

160 

Ford 

Bosque 

neritic  marine 

Shale 

Ksb 

environment  with 
poor  circulation. 
Unconfomiably  un¬ 
derlies  the  K 

au 

Lake 

Deposited  in  a  la- 

80 

145 

Waco 

goonal  environment 

Fm. 

Conformably  under¬ 

Klw 

lies  the 

Woodbine 

Pepper 

Shale 

Kpe 

Deposited  in  brackish 
environment.  Uncon¬ 
form  ably  underlies 

theKiw 

70 

100 

Comanche  Washita 

Buda 

Nearshore  marine 

2 

35 

Limestone 

Kbu 

deposit.  Almost 
completely  eroded 
locally  prior  to  depo¬ 
sition  of  K  . 

O0 

Del  Rio 

Clay 

Kdr 

Jr  ^ 

Marine  regression  and 
transgression.  Re¬ 
stricted  environment. 

85 

85 

Conformably  underlies 
theKbu- 

$9 

George¬ 

Shallow  marine 

210 

210 

town  Lime¬ 
stone 

deposit. 
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Table  2 


Geologic  Characteristics  of  the  South  Bosque  Shale  and  Del 

Rio  Clay 

in  the  Local  Area 

Approximate 

Related 

Composition 

Urban 

Based  on  X-Ray 

Topographic 

Engineering 

Description 

Diffraction  Data 

Expression 

Problems 

Dark  gray  to 

34% 

Exposed 

Slope  Instability 

to  black 

Montmorillonite 

along  face 

blocky  to 

7%  I  llite 

of  slopes  of 

fissile,  fissured 

5%  Kaolinite 

Bosque  Escarp¬ 

SOUTH 

shale  that  wea- 

2-8%  Calcite 

ment,  but 

High  Shrink-Swell 

BOSQUE 

thers-blue-gray 

11%  Quartz 

capped  by  a  few 

SHALE 

to  tan.  The 

35%  others. 

feet  of  Austin 

upper  30  to  50 

Chalk 

Inadequate  for 

feet  are  noncal- 

Septic  Sewage 

careous  and  give 
rise  to  most 

Disposal 

problems 

Poor  Foundation 
Support  Strength 

Blue-gray 

10% 

Exposed  on 

Slope  Instability 

homogeneous 

MontmoriUonite 

the  higher 

fracture  and 

20%  IHite 

divides  between 

fissured  shale 

20%  Kaolinite 

eastward  flow¬ 

High  Shrink -Swell 

that  weathers 

20-30%  Calcite 

ing  tributaries 

DEL 

light  gray  to 

20%  Quartz 

of  the  Bosque 

Inadequate  for 

RIO 

buff.  Middle 

and  others. 

River 

Septic  Sewage 

CLAY 

portion  is  less 

Disposal 

calcareous  than 
rest.  The  shale 

Poor  Foundation 

is  pervaded  by  6 

Support  Strength 

sets  of  high-angle 
fractures  that 
strike  N3E,  N30E 
N60E  and  N80E 
N75W,  N50W. 

ENGINEERING  PROPERTIES  OF  THE  SOUTH  BOSQUE  SHALE 
AND  DEL  RIO  CLAY  IN  WACO 

* Stress  History. 

The  South  Bosaue  Shale  and  the  Del  Rio  Clay  were,  in  the  past,  buried 
under  a  greater  thickness  of  sediments  than  at  the  present  time.  Beall  (1964) 
established  that  the  Lower  Taylor  Marl  Member  of  the  Taylor  Formation 
once  covered  the  entire  Waco  area  and  extended  some  distance  to  the  west, 
and  indicated  the  possibility  that  the  entire  formation  could  have  covered  it 
once.  Estimates  based  upon  the  relatively  well-established  geologic  history 
of  the  area  indicate  that  the  South  Bosque  Shale  was  once  overlain  by  at  least 
500,  and  perhaps  as  much  as  2000  ft.  of  overburden.  Therefore,  both  the 
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South  Bosque  Shale  and  the  Del  Rio  Clay  have  been  subjected  to  a  maxi¬ 
mum  pressure  of,  at  least,  286  and,  perhaps  as  much  as  857  psi.  Since  over¬ 
burden  on  top  of  these  shales  is  now  either  absent  or  at  the  most  only  a  few 
feet  thick,  both  the  South  Bosque  Shale  and  Del  Rio  Clay  are  heavily  over¬ 
consolidated. 


0  I  2 

I—  I  -I 

MILES 

Fig. 3  -SCHEMATIC  EAST-WEST  CROSS  SECTION  THROUGH  WACO. 


Index  Properties. 

Standard  laboratory  tests  were  conducted  to  determine  moisture  contents, 
Atterberg  limits  and  indices,  unit  weights,  clay  content,  calcium  carbonate 
content,  free  swell,  and  soil  classification  according  to  the  Unified  System. 
The  procedures  for  these  tests  are  described  by  Lambe  (195 1),  Brown  (1971), 
and  Krynine  and  Judd  (1957). 

The  measured  and  calculated  index  properties  of  the  South  Bosque  Shale 
and  Del  Rio  Clay  are  summarized  in  Table  3.  In  general,  the  tests  corroborate 
the  field  behavior  of  the  shales,  indicating  that  they  are  both  highly  ductile 
with  high  liquid  limits,  plasticity  indices  and  clay  contents.  Free-swell  tests 
yielded  relatively  low  values  for  what  are  known  to  be  highly  expansive  clays; 
however,  Krynine  and  Judd  (1957)  have  stated  that  the  free-swell  test  does 
not  sufficiently  depict  the  expandability  of  clayey  soils.  They  mention,  in 
particular,  “certain  Texas  clays”  which  exhibit  low  free-swell  values,  but 
cause  severe  difficulties  due  to  high  shrink -swell  characteristics.  This  is  defin¬ 
itely  true  of  the  South  Bosque  Shale  and  Del  Rio  Clay. 

Strength  Tests. 

Stability  failures  in  the  Waco  area,  concerning  the  South  Bosque  Shale  and 
Del  Rio  Clay,  are  either  short-term  failures  involving  undrained-strength  con¬ 
ditions,  or  long-term  failures  involving  the  drained  and  residual  strengths.  For 
this  reason,  field,  and  laboratory  tests  were  conducted  to  investigate  the  un- 
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drained,  drained  and  residual  strengths  of  both  shales.  Field  measurements  of 
undrained  shear  strength  have  been  based  on  test  results  obtained  with  hand- 
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operated  penetrometers  and  a  vane-shear  device.  Standard  laboratory  tests, 
performed  on  saturated  samples  and  including  consolidated-undrained, 
consolidated-drained,  and  residual  direct  shear  tests,  have  allowed  the  de¬ 
termination  of  shear  strength  parameters  in  terms  of  total  and  effective 
stresses,  and  for  the  residual  strength  condition  (Figs.  4-10;  Table  4).  For 
more  specific  information  on  the  test  procedures  see  Lambe  (195 1). 

Shear  Stress-Displacement  Curves  For 
The  Del  Rio  Clay  (Kdr)  Based  On  Con- 
solidated-Undrained  Tests  At  10,  14, 


Fig. 4  -STRESS-DISPLACEMENT  CURVES  FOR  THE  DEL  RIO  CLAY  (UNDRAINED  TESTS). 


Shear  stress-shear  displacement  curves  and  Mohr  envelopes  for  the  South 
Bosque  Shale  and  Del  Rio  Clay,  resulting  from  the  undrained,  drained,  and 
residual  tests,  are  shown  in  Figs.  4-10.  The  strength  tests  substantiate  the  fact 


Shear  Stress-Displacement  Curves  For 
The  South  Bosque  Shale  (Ksb)  Based  On 
Consolidated-Undrained  Direct  Shear 


400  800  1200  1600  2000 

Displacement  (times  1  x  10“^)  In  Inches 


Fig.  5 


-STRESS-DISPLACEMENT  CURVES  FOR  THE  SOUTH  BOSQUE  SHALE  (UNDRAINED  TESTS). 
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Mohr  Failure  Envelopes  For  The 
South  Bosque  Shale  (Kgb)  And  The 
Del  Rio  Clay  (Kdr)  Based  On  Con- 
solidated-Undrained  Direct  Shear 
Tests. 


Normal  Stress  In  psi 

Fig. 6  -MOHR  ENVELOPES  FOR  THE  WACO  SHALES  (UNDRAINED  TESTS). 


that  the  South  Bosque  Shale  and  Del  Rio  Clay  are  heavily  overconsolidated. 
For  both  shales,  the  angle  of  shear  resistance  (0CU)  in  terms  of  the  consoli- 
dated-undrained  tests  is  larger  than  the  angle  of  shear  resistance  (0^)  in  terms 
of  the  consolidated-drained  tests  (Table  4),  indicating  that  the  pore  pressure 
parameter  “A”  at  failure  (A^)  was  negative  (Lambe  and  Whitman,  1969). 
In  order  for  Af  to  be  negative,  the  pore  water  pressure  at  failure  must  be 
negative.  Heavily  overconsolidated  clays  tend  to  expand  when  subjected  to 
a  shear  stress,  and  typically  exhibit  negative  pore  water  pressures  at  failure 


Shear  Stress-Displacement  Curves 
For  The  Del  Rio  Clay  (Kdr)  Based 
On  Consolidated-Drained  Direct 


Fig. 7  -STRESS-DISPLACEMENT  CURVES  FOR  THE  DEL  RIO  CLAY  (DRAINED  TESTS). 


Table  4  —STRENGTH  PARAMETERS 
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(Lambe  and  Whitman,  1969).  In  addition,  the  insensitivity  of  the  South 
Bosque  Shale  and  Del  Rio  Clay,  is  indicative  of  overconsolidation.  Skempton 
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Shear  Stress-Displacement  Curves  For 
The  South  Bosque  Shale  (Ksb>  Based  On 
Coneolidated-Drained  Direct  Shear 


Fig.  8  -STRESS-DISPLACEMENT  CURVES  FOR  THE  SOUTH  BOSQUE  SHALE  (DRAINED  TESTS). 


and  Northey  (1952)  have  stated  that  heavily  overconsolidated  clays  are 
typically  insensitive,  having  sensitivity  values  of  about  one,  and  attributed 
this  to  the  breakdown  of  clay  fabric  that  results  from  the  great  pressures  to 
which  these  clays  have  been  subjected.  Both  of  the  Waco  shales  exhibit  sen¬ 
sitivity  values  in  agreement  with  those  of  heavily  overconsolidated  materials 
(Table  4). 

Mohr  Failure  Envelopes  For  The  Del 
Rio  Clay  Based  On  Consolidated- 
Drained  And  Drained  Residual  Direct 
Shear  Tests. 


Fig. 9  -MOHR  ENVELOPES  FOR  THE  DEL  RIO  CLAY  (DRAINED  TESTS). 
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Mohr-Failure  Envelopes  For  The 
South  Bosque  Shale  Based  On  Consoli- 
dated-Dralned  And  Drained  Residual 
Direct  Shear  Tests. 


Fig. 10  -MOHR  ENVELOPES  FOR  THE  SOUTH  BOSQUE  SHALE  (DRAINED  TESTS). 


Long-term  stability  predictions  for  overconsolidated,  fissured,  and  frac¬ 
tured  shales,  such  as  the  South  Bosque  Shale  and  Del  Rio  Clay,  must  be  based 
on  a  knowledge  of  their  residual  strength,  since  conventional  methods  of  test¬ 
ing  and  analysis  are  usually  unreliable.  Skempton  (1964)  succeeded  in  pre¬ 
dicting  the  actual  strength  which  operates  in  the  field  through  the  use  of  the 
residual  strength  concept.  In  drained  direct  shear  tests,  if  the  sample  is 
strained  beyond  failure,  its  strength  falls  to  a  certain  minimum  value,  which 
remains  constant  with  further  straining.  This  value  is  defined  as  the  residual 
strength.  Skempton  (1964)  reasoned  that  overconsolidated,  fractured,  and  fis¬ 
sured  clays  have  gone  through  their  peak  strength,  and  presently  fail  at  a 
strength  close  to  the  residual  strength.  He  further  stated  that  when  the  peak 
strength  at  any  point  in  a  mass  is  exceeded,  the  strength  at  that  point  de¬ 
creases.  This  action  places  additional  stress  on  other  points,  and  causes  the 
peak  to  be  exceeded  at  these  points  also.  In  this  manner,  a  progressive  failure 
will  start  and  the  strength  on  the  entire  slip  surface  decreases  to  the  residual 
strength.  Skempton  (1964)  also  reported  that  in  passing  from  the  peak  to  the 
residual  strength,  the  cohesion  intercept  may  disappear  completely,  and  the 
angle  of  shear  resistance  may  decrease  as  much  as  10°. 

Drained,  residual  direct  shear  tests,  conducted  on  undisturbed  samples  of 
South  Bosque  Shale  and  Del  Rio  Clay  indicate  that  the  residual  angle  of  shear 
resistance  (0  )  of  both  shales  ranges  between  7°  and  10°  (Table  4).  Although 
it  is  common  practice  to  take  the  cohesion  intercept,  Cp  as  zero,  it  is  often 
found  to  be  somewhat  greater  than  zero.  This  appears  to  be  true  of  the  Waco 
shales.  The  stability  analysis  of  a  failed  slope  in  the  Del  Rio  Clay  is  shown  in 
Fig.  1 1 .  If  the  laboratory  -determined  parameters  (C  =  0  and  0  =  9  Vi°)  are 
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used  in  the  analysis,  the  slope  proves  to  be  definitely  unstable  with  a  factor  of 
safety  lower  than  one.  However,  Skempton  (1964)  stated  that,  in  theory,  the 
factor  of  safety  of  a  failed  slope  should  be  equal  to  one.  The  combination  of 
Cf  and  0r  values,  which  give  precisely  a  value  of  Fs  =  1,  are  1.6  psi.  and  7°, 
respectively.  Both  possibilities  have  already  been  showin  in  Fig.  9.  Similarly, 
stability  computations  for  the  South  Bosque  Shale  indicate  that  C  may  be  as 
high  as  1.5  psi.  On  the  other  hand,  it  must  now  be  emphasized  that  caution 
should  be  exercised  in  assuming  a  C  value,  since  at  the  low  values  of  0  ob¬ 
served,  a  small  increase  of  the  cohesion  intercept  results  in  a  considerable  in¬ 
crease  of  the  residual  strength.  Thus,  for  safety  purposes,  it  may  be  desirable 
to  assume  a  C  value  of  zero. 

Coefficient  of  Consolidation 

The  rate  of  consolidation  under  a  given  load  increment  is  represented  by 
the  coefficient  of  consolidation,  Cy  (Lambe,  1951).  Values  of  Cy  have  been 
calculated  for  remolded  and  undisturbed  samples  of  South  Bosque  Shale  and 
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W  =  ?dW  =  102  kips 
n 

n 

N  =  £  dN  =  91  kips 

1  n 

n 
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For  Slope  To  Fail  Fg  =  1 
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s  X 
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Fig. 11  -RESIDUAL  STRENGTH  PARAMETERS  OF  THE  DEL  RIO  CLAY. 
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Del  Rio  Clay.  These  values  have  been  found  to  range  between  2  and  6,  and  to 
average  about  3  ft.2  per  year.  They  are  typical  of  clayey  earth  materials. 

CONCLUSIONS 

The  engineering  properties  of  the  South  Bosque  Shale  and  Del  Rio  Clay 
faithfully  reflect  their  past  geologic  and  stress  histories.  Measured  index  pro¬ 
perties  corroborate  the  field  behavior  of  the  clay-shales  indicating  that  they 
are  both  highly  ductile  with  high  liquid  limits,  plasticity  indices  and  clay  con¬ 
tents.  Strength  tests  substantiate  the  fact  that  the  South  Bosque  Shale  and 
Del  Rio  Clay  are  heavily  overconsolidated.  For  both  clay-shales,  the  angle  of 
shear  resistance  (0  )  in  terms  of  the  consolidated-undrained  direct  shear 
tests  is  larger  than  the  angle  of  shear  resistance  (0^)  in  terms  of  the  consoli- 
dated-drained  direct  shear  tests,  indicating  that  the  pore  pressure  parameter 
“A”  at  failure  (Af)  was  negative.  The  above  results,  the  insensitivity  of  both 
shales,  and  their  low  values  of  liquidity  index  are  highly  indicative  of  over¬ 
consolidation. 

Finally,  residual  angles  of  internal  friction  ranging  from  6°  to  10°  corro¬ 
borate  the  fractured  and  fissured  character  of  the  shales,  and,  thus,  over¬ 
consolidation. 
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English  Symbols 

A  =  Pore  pressure  parameter,  A  =  _A^ 

Ap  =  Pore  pressure  parameter  A  at  failure 


3 


I 


P 


Ar  =  Activity  ratio;  A,  -  — 

r  r  %  clay 

Ay 

B  =  Pore  pressure  parameter,  B  =  — 

C  =  Cohesive  resistance  or  cohesive  intercept 
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Cv 

CH 

CD 

CU 


H 


S 


cu 


S 


d 


*5  0 

uu 

ucs 


C  in  terms  of  effective  stress 
C  in  terms  of  consolidated-undrained  tests 
C  in  terms  of  consolidated-drained  tests,  C^  «  C 


C  in  terms  of  residual  strength  tests 

o i  -  a3 

Undrained  shear  strength ;CU  =  — - - 


Coefficient  of  consolidation;  C. 


.197  ~ 

Uo 


Inorganic  clay  of  high  plasticity;  fat  clays 

Consolidated-drained  test 

Consolidated-undrained  test 

Safety  factor,  F  =  ^Resisting  forces  . 

^Driving  forces 

One-half  the  sample  height  at  50%  consolidation 


U)  —  COp 

Liquidity  Index;  Ip  = - — 

*p 

Plasticity  Index,  Ip  =  cop  —  cop 
Shrinkage  Index,  Ig  =  cop  —  co<- 


Shear  strength  of  Coulomb’s  equation, 

S  =  C  +  an  tan  0  ,  or 

S  =  C  +  on  tan  0  if  in  terms  of  effective  stress. 

Shear  strength  of  consolidated-undrained  test, 

^cu  -  Ccu  +  °n  tan  ^cu 
Shear  strength  of  consolidated-drained  test, 

Sd  =  Cd+a  tan  0^,  or 
S^  C  +  a  tan  0 

unconfined  compressive  strength  (undisturbed 

Sensitivity,  Sf  = - - 

L  unconfined  compressive  strength  (remolded) 

Time  of  50%  primary  consolidation 

Unconsolidated-undrained  test 

Unconfined  compressive  strength;  UCS  =  2  Cy 


Greek  Symbols. 


7  =  Unit  weight 
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?b  “ 
7d  = 

^sat 
Tt  = 

7W  = 

2 

o  = 

°i  = 
°2 

°3  = 


<P 

0  = 
0CU  = 


COp  - 

WL  = 

COp  = 

“s  = 


Buoyant  unit  weight,  7^=77  —  7\y 
Ws 

Dry  unit  weight,  7^  =  —  ,  where  Vt  =  total  volume,  and 

Ws  =  weight  of  solids  1 

Saturated  unit  weight,  7sat  =  7T  -  7w 

Wt 

Total  unit  weight,  7t  =  -  7,  where  Wt  =  total  weight 

Vt 

W 

Unit  weight  of  water,  = - —  ,  where  Ww  =  weight  of 

Vw 

water  and  V  ,  =  volume  of  water 
Sum 

Total  stress,  o  =  o  +  u,  where  u  =  pore  water  pressure 
Major  principal  stress 
Intermediate  principal  stress 
Minor  principal  stress 
=  Effective  normal  stress 
Effective  stress,  a  =  o  —  u 
Total  normal  stress 

Angle  of  shear  resistance  in  terms  of  total  stress 
Angle  of  shear  resistance  in  terms  of  effective  stress 
Angle  0  from  CU  tests 
Angle  0  from  CD  tests, 

Angle  0  in  terms  of  residual  strength 
=  Natural  water  content 
co  at  failure 
Liquid  limit 
Plastic  limit 
Shrinkage  limit 
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ABSTRACT 

The  water  supply  of  Houston,  Texas  which  contains  a  variety  of  storage  reservoirs 
with  varying  water  quality  was  studied  in  order  to  ascertain  whether  there  was  an  associ¬ 
ation  between  calcium  content  and  each  of  the  trace  metals;  as  well  as  the  individual 
trace  metals  cadmium,  lithium,  and  zinc.  The  content  of  calcium,  cadmium,  lithium  and 
zinc  was  determined  at  each  sampling  station  by  means  of  atomic  absorption  spectro¬ 
photometry.  Spearman  rank  correlation  coefficients  were  obtained  to  determine  the  de¬ 
gree  of  association,  if  any,  of  the  trace  metals  among  themselves  and  with  the  major  con¬ 
stituent,  calcium.  The  correlation  coefficients  showed  that  the  lithium-zinc  association 
was  significant  at  the  0.01  level,  while  the  cadmium-lithium  association  was  significant  at 
the  0.05  level.  No  significant  association  at  the  0.05  level  was  demonstrated  between  cal¬ 
cium  and  any  of  the  trace  metals.  No  extrapolations  can  be  made  to  other  water  supplies 
because  of  differences  in  hardness,  pH  and  piping  materals. 

INTRODUCTION 

The  interest  in  elements  present  in  drinking  water  and  their  relationship  to 
cardiovascular  disease  has  been  widespread.  These  elements  have  usually  been 
arbitrarily  classified  as  major  or  trace  depending  on  whether  their  concentra¬ 
tions  are  greater  or  less  than  1  ppm  (mg/lit)  respectively. 

Of  the  major  metallic  elements  commonly  studied  in  relation  to  cardiovas¬ 
cular  disease,  calcium  and  magnesium  and  a  related  parameter,  hardness,  have 
received  the  most  attention.  These  elements  have  been  shown  by  Schroeder 
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(1960)  and  other  workers  (Morris,  et.  al.,  1961;  Muss,  1962)  to  be  inversely 
related  to  the  mortality  from  cardiovascular  disease.  Schroeder  (1966)  related 
death  rates  from  88  cities  of  the  United  States  with  levels  of  bulk  and  trace 
elements  in  municipal  water  supplies.  He  found  that  water  associated  with 
high  death  rates  from  arteriosclerotic  heart  disease  had  less  magnesium,  sodi¬ 
um,  potassium,  and  barium  and  more  copper  (p  <  0.01).  It  may  have  had  sig¬ 
nificantly  less  chloride,  silicon,  lithium  and  vanadium  (p  <  0.05). 

Bostrom  and  Wester  (1967)  published  data  showing  relationships,  direct 
and  indirect,  between  various  trace  elements  and  calcium  in  the  water  supplies 
of  3  Swedish  cities.  In  view  of  this  previous  work,  it  was  of  interest  to  deter¬ 
mine  whether  3  selected  trace  elements,  lithium,  cadmium  and  zinc,  showed 
an  association  to  the  major  constituent,  calcium  in  Houston  drinking  water.  It 
has  been  shown  by  Andelman  and  Shapiro  (1973)  and  suggested  by  Schroeder 
(1966)  that  there  are  marked  changes  in  trace  element  content  as  the  water 
passes  from  the  main  pump  through  piping  to  taps  in  a  water  distribution  sys¬ 
tem.  Because  of  this,  one  might  suspect  that  trace  element  content  might  not 
only  be  a  function  of  the  particular  water  and  its  parameters  such  as  pH  and 
hardness  but  also  be  related  to  type  of  piping  within  the  water  distribution 
system.  Consequently,  relations  between  major  constituents  and  trace  metals 
in  one  water  supply  system  might  be  different  from  that  in  another  even 
though  the  raw  waters  were  similar. 

If  an  association  exists  between  calcium  and  any  of  the  trace  metals  men¬ 
tioned,  an  apparent  inverse  relationship  between  that  trace  metal  and  cardio¬ 
vascular  heart  disease  (CHD)  mortality  might  be  spurious  and  really  only  point 
to  an  inverse  relation  between  calcium  and  CHD  mortality,  assuming  that  a 
true  inverse  association  between  calcium  and  CHD  mortality  exists. 

EQUIPMENT  AND  METHODS 
Water  Supply 

The  water  supply  of  Houston,  Texas,  was  chosen  for  study  since  a  variety 
of  water  quality  exists  in  the  various  storage  reservoirs  throughout  the  city. 
This  variation  in  chemical  quality  is  thought  to  be  the  result  of  pumpage  of 
water  from  a  different  set  of  several  wells  for  each  reservoir.  The  reservoirs 
included  in  this  study,  along  with  their  location  and  number  of  contributing 
wells  are  given  in  Table  1 . 

Sampling  Technique 

Two-liter  samples  from  the  various  storage  reservoirs  were  collected  in  poly¬ 
ethylene  bottles  previously  washed  with  1:2  nitric  acid  and  subsequently 
rinsed  with  deionized  water.  To  prevent  the  loss  of  the  trace  metals  by  absorp- 
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Table  1 

Location  of  Storage  Reservoirs  and  Their  Number  of  Contributing  Wells 


Storage 

Reservoir 

Location 

Number  of 
Contributing 
Wells 

Bellaire  Brays 

12423  Bellaire 

5 

Central 

27  Artesian 

5 

East  End 

820%  Cole  to 

3 

Heights 

449  W.  19th 

10 

North  East 

3400  Roland 

8 

Scott  St. 

3006  Scott 

1 

South  End 

1200  Hermann 

5 

South  West 

Lake  Houston 

4410  West  Park 

12 

tion  on  the  walls  of  the  collection  bottles,  the  samples  were  acidified  after 
collection  with  concentrated  nitric  acid  to  a  pH  of  approximately  3.5.  This 
also  enabled  the  storage  of  the  water  samples  for  up  to  2  months  without  fear 
of  loss  of  the  trace  metals.  Samples  were  collected  for  the  3  month  period  of 
May,  June,  and  November  of  1972  and  an  overall  average  concentration  com¬ 
puted  for  each  of  the  metals. 

Preconcentration  and  Atomic  Absorption  Analysis 

The  method  of  concentration  by  ion-exchange  chromatography  developed 
by  Trieff,  et  al.  (1973)  was  tried.  However,  due  to  the  desire  for  separation  of 
trace  metals  a  prolonged  contact  time  of  the  water  sample  with  the  ion- 
exchange  resin  was  required.  This  resulted  in  a  complete  analysis  time  of 
several  days.  Therefore,  the  concentration  technique  of  evaporation  was  em¬ 
ployed. 

A  sample  volume  of  700  ml  was  evaporated  on  a  hot  plate  at  a  tempera¬ 
ture  just  under  the  boiling  point  to  a  final  volume  of  approximately  15  ml. 
During  the  evaporation,  1  ml  of  6  M  HC1  was  added  to  decompose  carbon¬ 
ates.  The  final  volume  of  15  ml  was  transferred  quantitatively  to  a  volume¬ 
tric  flask  of  25  ml  capacity  and  made  up  to  mark. 

The  atomic  absorption  spectrophotometer,  Bausch  and  Lomb  model  AC2- 
20,  was  used  for  carrying  out  the  instrumental  analysis.  The  concentrated 
samples  were  aspirated  directly  into  the  flame  and  the  concentration  of  the 
trace  metals,  cadmium,  lithium,  and  zinc  were  determined  for  each  sample. 
The  concentration  level  of  the  major  constituent,  calcium,  for  each  reser¬ 
voir,  was  obtained  from  the  Sanitary  Engineering  Division  of  the  City  of 
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Houston. 

Statistical  Analysis 

Spearman  rank  correlation  coefficients  were  obtained  to  determine  the  de¬ 
gree  of  association,  if  any,  of  the  trace  metals  among  each  other  and  with  the 
major  constituent,  calcium.  The  corresponding  levels  of  significance  for  the 
coefficients  were  obtained  and  interpretations  made. 

Results  and  Discussion 

Concentration  levels  for  elements,  lithium,  cadmium,  zinc  and  calcium  are 
given  in  Table  2.  From  inspection  of  the  table  it  can  be  seen  that  a  substan¬ 
tially  wide  variation  for  each  of  the  elements  exist  at  a  given  reservoir.  Similar 
levels  for  the  trace  element,  lithium,  were  reported  by  Durfor  and  Becker 
(1962)  and  by  Trieff  and  cowcgkers  (1973).  No  data  have  been  reported  for 
cadmium  or  zinc. 


Table  2 

Calcium,  Cadmium,  Lithium  and  Zinc 
Concentrations  in  Reservoir  Waters* 


Sampling 

Station 

Calcium 

Cadmium 

Lithium 

Zinc 

East  End 

7 

ND 

15 

14 

North  East 

22 

1.5 

18 

39 

Central 

15 

2.4 

19 

41 

Heights 

27 

2.0 

18 

26 

South  End 

26 

4.6 

18 

23 

Bellaire  Brays 

36 

1.2 

13 

16 

Lake  Houston 

28 

1.2 

1 

14 

South  West 

32 

1.9 

19 

29 

Scott  St. 

23 

2.2 

18 

17 

*Calcium  concentrations  are  given  in  units  of  mg/1;  all  other  metals  are  listed  in  terms  of 
Mg/1. 


Results  of  the  Spearman  rank  correlation  analysis  are  given  in  Table  3. 
Correlations  of  the  various  trace  metals  with  one  another  produced  positive, 
and  in  most  instances,  statistically  significant  correlation  coefficients.  Only 
for  the  cadmium  correlation  with  zinc  was  the  coefficient  non-significant. 
However,  this  may  have  been  due  to  the  small  sample  size  since  the  coeffi¬ 
cient  just  missed  the  limit  for  significance  at  the  0.05  level. 
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Table  3 

Spearman  Rank  Correlation  Coefficients  for  the  Reservoir  Water  Concentrations  of 
Calcium,  Cadmium,  Lithium  and  Zinc 

Metals  Ca  Cd  Li  Zn 


Ca  -  0.27  -0.07 

Cd  -  -  0.61* 

Li  -  -  - 

Zn  -  -  - 

♦Significant  at  the  0.05  probability  level. 

♦♦Significant  at  the  0.01  probability  level. 

In  each  case  the  association  between  the  major  constituent  and  each  of  the 
trace  metals  proved  to  be  non -significant.  In  the  majority  of  cases,  the  coeffi¬ 
cients  tended  to  be  negative,  indicating  an  inverse  relationship  existing  be¬ 
tween  the  trace  metals  studied  and  calcium,  but  again  no  statistical  signifi¬ 
cance  at  the  0.05  level  could  be  attached  to  this  finding. 

Our  results  differ  from  those  of  Bostrom  and  Wester  (1967)  in  that  these 
workers  found  that  in  the  finished  water  supplies  the  trace  elements  gold, 
barium,  molybdenum,  selenium,  and  wolfram  (tungsten)  were  distributed  in 
a  similar  way  to  calcium  whereas  the  trace  elements  cobalt,  mercury  and 
lanthanum  were  distributed  in  the  opposite  way.  That  no  associations  were 
found  in  the  present  investigation  may  well  lie  in  the  choice  of  trace  metals. 

SUMMARY 

While  it  is  possible  that  trace  metals  in  water  supplies  may  show  some  rela¬ 
tionship  to  the  major  constituent,  calcium,  in  this  study  no  statistically  signi¬ 
ficant  correlation  at  the  0.05  level  could  be  determined.  The  fact  that  positive 
and  significant  relationships  exist  between  the  trace  metals  lithium  and  zinc 
and  between  lithium  and  cadmium  would  lead  one  to  suspect  that  other 
direct  relationships  between  various  trace  metals  in  water  do  exist.  These 
types  of  relationships  need  to  be  explored  further  in  view  of  the  many  studies 
relating  major  and  trace  constituents  in  water  supplies  to  various  forms  of 
heart  disease. 
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ADDITIONS  TO  THE  TEXAS  HERPETOFAUNA,  WITH  NOTES 
ON  PERIPHERAL  RANGE  EXTENSIONS  AND  NEW  RECORDS 
OF  TEXAS  AMPHIBIANS  AND  REPTILES 

by  PATRICK  S.  HAMBRICK1 

Route  1  -  Box  19 BA,  Benton ,  Louisiana  71006 

ABSTRACT 


Collecting  records  for  54  species  and  subspecies  of  Texas  amphibians  and  reptiles, 
which  resulted  in  85  new  county  records,  are  reported.  Range  extensions  for  4  forms 
(Sceloporus  m.  merriami,  Sceloporus  olivaceus,  Arizona  elegans,  and  Regina  grahami) 
are  included.  Support  is  given  for  the  exclusion  of  Thamnophis  eques  from  the  Texas 
herpetofaunal  list.  The  addition  of  3  forms  ( Kinosternon  sonoriense ,  Bufo  woodhousei 
australis ,  and  Tropidoclonion  lineatum  mertensi )  brings  the  current  number  of  amphi¬ 
bians  and  reptiles  in  Texas  to  202  species  and  subspecies.  Chrysemys  picta  dorsalis  and 
Natrix  sipedon  pleuralis  are  expected  to  occur  in  northeast  Texas. 

INTRODUCTION 

Raun  and  Gehlbach  (1972)  recently  compiled  the  most  complete  synopsis 
of  the  composition  and  distribution  of  Texas  amphibians  and  reptiles  to  date. 
Unfortunately,  their  compilation  of  records  was  almost  entirely  from  the  lit¬ 
erature  and  herpetological  collections  housed  in  Texas  institutions.  This  re¬ 
sulted  in  their  distribution  maps  being  incomplete. 

Recent  collecting  by  the  author  and  other  students  at  Northeast  Louisiana 
University,  Monroe,  La.,  and  my  observations  of  the  herpetofauna  of  Marion 
County  in  northeast  Texas  have  resulted  in  the  addition  of  85  county  records 
for  54  species  and  subspecies  of  Texas  amphibians  and  reptiles.  Also,  ecologi¬ 
cally  significant  range  extensions  for  4  species  are  noted. 

A  search  of  the  literature  revealed  that  3  forms  ( Kinosternon  sonoriense , 
Bufo  woodhousei  australis,  and  Tropidoclonion  lineatum  mertensi)  should  be 
added  to  the  list  of  Texas  herpetofauna.  One  species,  Thamnophis  eques 
megalops ,  is  problematic  within  the  state.  Two  other  reptiles,  Chrysemys 
picta  dorsalis  and  Natrix  sipedon  pleuralis,  are  expected  to  occur  in  northeast 
Texas. 

All  collection  numbers  cited  in  the  species  accounts  section  are  the  identi¬ 
fication  number  of  the  specimens  which  are  deposited  in  the  Vertebrate  Mu¬ 
seum  of  Northeast  La.  University.  Each  separate  catalogue  number  represents 
one  individual.  Observations  of  Marion  County  specimens  are  designated  by 

1  Present  address:  Department  of  Zoology  and  Physiology,  Louisiana  State  University, 
Baton  Rouge,  La.  70893. 
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the  author’s  initials  (PSH). 

I  urge  all  persons  interested  in  Texas  herpetology  to  make  note  any  new 
distributional  records  for  Texas  amphibians  and  reptiles.  There  are  many  bio¬ 
tic  provinces  in  the  state  and  certain  species  have  an  apparent  natural  absence 
from  certain  provinces  (e.g.,  Arizona  elegans  is  apparently  absent  from  the 
Edwards  Plateau  region),  so  complete  distributional  data  are  needed  to  fully 
understand  the  zoogeographical  distribution  of  the  Texas  herpetofauna. 

PROBLEMATIC  SPECIES  AND  ADDITIONS  TO  THE  TEXAS 

HERPETOFAUNA 

Records  of  amphibians  and  reptiles  from  the  peripheral  counties  of  Texas 
could  prove  to  be  very  important  in  the  establishment  of  new  state  herpeto¬ 
fauna  records.  Such  records  could  verify  certain  literature  accounts  (Stebbins, 
1966;  Cagle,  1968;  Cochran  and  Goin,  1970)  that  have  reported  some  species 
to  be  present  in  Texas  which  are  actually  not  part  of  the  Texas  herpetofauna 
or  specimens  were  not  seen  by  Raun  and  Gehlbach  (1972).  Two  such  cases 
are  the  Mexican  garter  snake,  Thamnophis  eques  megalops ,  and  the  Sonora 
mud  turtle,  Kinostemon  sonoriense  LeConte. 

The  status  of  Thamnophis  eques  in  Texas  has  long  been  problematic 
throughout  Texas  literature.  Stebbins  (1966)  did  not  report  it  from  Texas. 
However,  Cagle  (1968)  reported  its  range  as  “Western  Texas  to  southern  Ari¬ 
zona  .  .  .”,  which  he  possibly  obtained  from  museum  records.  Cochran  and 
Goin’s  (1970)  statement  that  “this  snake  is  found  in  western  Texas, .  .  .”  was 
possibly  extracted  from  Cagle  (1968)  or  was  based  on  specimens  of  this  spe¬ 
cies  housed  in  the  herpetology  collections  of  the  U.  S.  National  Museum  and / 
or  University  of  Florida,  the  institutions  of  which  these  authors  were  affili¬ 
ated.  Raun  and  Gehlbach  (1972),  who  did  not  examine  these  collections,  re¬ 
ported  that  T.  eques  has  not  been  found  in  Texas.  If  this  is  true,  then  accord¬ 
ing  to  Stebbins  (1966:  Map  155)  the  most  easternly  point  of  its  range  is  in 
eastern  Mexico,  approximately  75  to  100  miles  west  of  Presidio  County.  If 
T.  eques  were  to  extend  its  range  eastward  to  the  U.  S.  —  Mexican  border, 
the  Rio  Grande  River  would  probably  not  act  as  an  impassable  ecological 
barrier  to  this  semi-aquatic  species.  A  verified  museum  record  of  T.  eques  is 
needed  to  establish  its  presence  in  the  Texas  herpetofauna.  Evidence  seems  to 
indicate  that  it  is  not  found  in  Texas  and  its  exclusion  from  the  state  herpeto- 
faunal  list  should  be  maintained  until  further  evidence  warrants  otherwise. 

Kinostemon  sonoriense  was  originally  placed  in  the  Texas  herpetofauna  by 
Brown  (1950);  Raun  and  Gehlbach  (1972)  state  this  record  was  erroneous. 
They  felt  that  any  report  of  the  Sonora  mud  turtle  from  Texas  was  a  misiden- 
tification  of  the  Mexican  mud  turtle,  K.  hirtipes  murrayi  Glass  and  Hartweg; 
consequently,  K.  sonoriense  was  not  placed  in  their  1972  faunal  synopsis. 
Stebbins  (1966),  possibly  relying  on  Brown’s  (1950)  list,  reported  K. 
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sonoriense,  but  not  K.  hirtipes  murrayi,  to  be  present  in  Texas;  Cagle  (1968) 
reported  just  the  opposite.  Cochran  and  Goin  (1970)  were  the  first  to  report 
both  species  from  Texas.  They  reported  K.  sonoriense  to  be  “.  .  .  the  com¬ 
mon  Mud  Turtle  of  the  Mexican-United  States  border  .  .  .  from  southwestern 
Texas  .  .  .”  and  that  K.  hirtipes  murrayi  “.  .  .  extends  into  the  United  States 
in  western  Texas  .  .  thus  suggesting  that  K.  sonoriense  is  the  more  com¬ 
mon  and  widespread  of  the  2  mud  turtles  in  Texas.  Verified  museum  records 
are  needed  to  substantiate  Cochran  and  Goin’s  statement.  However,  I  recom¬ 
mend  that  K.  sonoriense  be  included  on  the  Texas  herpetofauna  list  until 
literature  claims  are  thoroughly  analyzed  and  proven  wrong. 

One  accepted  subspecies  of  toad,  Southwestern  Woodhouse’s  toad  ( Bufo 
woodhousei  australis ),  was  omitted  from  Raun  and  Gehlach’s  (1972)  synop¬ 
sis.  They  did  plot  B.  woodhousei  from  6  west  Texas  counties  within  the 
range  of  this  subspecies  (Stebbins,  1966:Map  34;  Cochran  and  Goin,  1970), 
but  they  failed  to  list  it  (p.  10)  as  one  of  the  subspecies  of  B.  woodhousei 
found  in  Texas.  Four  subspecies  of  B.  woodhousei  are  thus  reported  to  be 
present  in  Texas. 

Another  addition  to  the  Texas  herpetofauna  is  the  New  Mexican  Lined 
Snake,  Tropidoclonion  lineatum  mertensi.  This  was  undoubtedly  the  race  re¬ 
ported  from  Hartley,  Moore  and  Sherman  counties  in  northwest  Texas  by 
Tinkle  and  Knopf  (1964);  they  were  unable  to  assign  a  subspecific  epithet  to 
their  specimens  based  on  Ramsey’s  (1953)  diagnosis  of  this  polytypic  species. 
Four  subspecies  are  recognized  by  Cagle  (1968)  and  Cochran  and  Goin 
(1970);  Raun  and  Gehlbach  (1972)  listed  only  2  from  Texas.  Cochran  and 
Goin  (1970)  stated  “this  race  is  limited  to  northeastern  New  Mexico”  and 
upon  examination  of  range  maps  (Conant,  1958:Map  103;  Stebbins,  1966: 
Map  163)  this  subspecies  is  to  be  expected  in  the  northwest  portion  of  the 
Texas  panhandle.  Three  subspecies  of  T.  lineatum  are  now  considered  pre¬ 
sent  in  Texas. 

The  addition  of  3  species  and  subspecies  to  the  state  increases  the  herpe- 
tofaunal  list  from  199  (Raun  and  Gehlbach,  1972)  to  202. 

SPECIES  TO  BE  EXPECTED  IN  TEXAS 

Two  aquatic  reptiles,  Southern  painted  turtle  {Chrysemys  picta  dorsalis) 
and  midland  water  snake  ( Natrix  sipedon  pleuralis),  are  expected  to  occur 
along  the  Red  River  in  northeast  Texas. 

There  is  a  disjunct  population  Chrysemys  picta  dorsalis  along  the  Red  Riv¬ 
er  in  southeastern  Oklahoma  (Conant,  1958:Map  21).  This  turtle  could  cross 
the  Red  into  Texas,  and  ardent  herpetologists  should  keep  a  close  watch  for 
it  in  Lamar,  Red  River,  and  Bowie  counties. 

Natrix  sipedon  pleuralis  is  known  from  the  lower  1/3  of  southeastern 
Oklahoma  along  Red  River.  This  aquatic  snake  is  a  strong  swimmer  (author’s 
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personal  observations)  and  should  have  no  trouble  crossing  the  Red.  It  can  be 
looked  for  in  Cooke,  Grayson,  Fannin,  Lamar,  Red  River,  and  Bowie 
counties. 


SPECIES  ACCOUNTS 

Range  extensions  are  here  recorded  for  the  following  species: 

Sceloporus  m.  merriarni  Stejneger:  WINKLER  CO.:  6  mi  SE  Kermit,  23 
June  1966(16085). 

One  male  approximately  45  mm  head-vent  length.  This  record  extends  the 
range  100  to  125  miles  to  the  northwest.,  and  is  the  northernmost  record  of 
this  species  in  the  United  States. 

Sceloporus  olivaceus  Smith:  LUBBOCK  CO.:  7  mi  SE  Lubbock,  5  May 
1970  (36884);  STONEWALL  CO.:  3  mi  E  Senson,  18  June  1966  (18076- 
18078);  IRION  CO.:  13  mi  NE  Barnhart  along  Hwy.  67,  14  August  1968 
(19733). 

The  Lubbock  County  record  of  S.  olivaceus  extends  the  known  range  of 
this  lizard  approximately  75  to  100  miles  to  the  northwest.  The  Stonewall 
County  records  aids  in  filling  a  small  gap  recorded  for  this  species  in  north¬ 
west  Texas. 

Arizona  elegans  Kennicott:  HENDERSON  CO.:  3  mi  NE  Athens  on  Hwy. 
31,10  Sept.  1970  (28678);  STONEWALL  CO.:  2  mi  W  Aspermont  on  Hwy. 
380,  30  Aug.  1970  (28906);  KENT  CO.:  2  mi  W  Clairemont  on  Hwy.  380,  30 
Aug.  1970  (28936);  KNOX  CO.:  2  mi  N  Knox  City  on  Hwy  283,  23  Aug. 
1970  (28958);  UPTON  CO.:  3  mi  N  Rankin  on  Hwy.  349,  9  Aug.  1970 
(29995). 

The  Henderson  County  record  extends  the  known  range  of  the  glossy 
snake  100  to  125  miles  to  the  northeast.  This  specimen  was  collected  DOR 
at  2200  hours.  It  is  a  male;  total  length  270  mm;  43  dark  blotches  on  dor¬ 
sum  from  neck  to  vent ;  ventrals  214;  27  scale  rows  at  midbody.  As  this  speci¬ 
men  was  a  young  (probably  hatching  time  was  20  to  30  days  previous),  A. 
elegans  appears  to  be  established  and  breeding  in  this  area  of  the  state.  This 
recojd  is  significant  in  that  it  is  the  first  record  east  of  the  Trinity  River.  Fur¬ 
ther  spread  of  A.  elegans  into  the  sandy  hill  country  of  northeast  Texas 
should  probably  be  expected. 

Regina  grahami  Baird  and  Girard:  BEXAR  CO.:  at  San  Antonio,  no  date 
(presumably  late  1930’s)  (24894);  at  Fort  Sam  Houston ,  26  May  1971 
(36043-36044). 

I  prefer  Rossman’s  (1963)  elevation  of  Regina  to  generic  rank;  Raun  and 
Gehlbach  (1972)  list  it  as  Natrix  grahami .  These  specimens  verify  the  claims 
of  earlier  collectors  (Baird  and  Girard,  1853;  Strecker  and  Williams,  1927; 
Brown,  1950)  that  R.  grahami  is  present  in  Bexar  County;  Raun  and  Gehl- 
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bach  (1972)  had  reported  these  as  dubious  records.  This  extends  the  range 
100  to  125  miles  westward.  Also,  R.  grahami  is  now  known  to  be  present  in 
the  San  Antonio  River  drainage  and  its  presence  in  Wilson,  Karnes  and  Goliad 
counties  is  to  be  expected  unless  the  population  around  San  Antonio  is  dis¬ 
junct  and  isolated. 

The  following  is  a  list  of  new  county  records  for  Texas  (Hambrick,  1975), 
all  within  the  expected  ranges  for  the  species. 

CAUDATA 

Ambystoma  tigrinum  mavoritium  Baird:  MIDLAND  Co.:  McMillen  Water 
Field  Plant,  9  mi  NW  Midland  on  Hwy.  158,28  Mar.  1970  (31798). 

Notophthalmus  viridescens  louisianensis  Woltorstorff:  MADISON  CO.:  3 
mi  N  Madisonville  on  Hwy.  21 , 30  Sept.  1972  (35657-35660). 

Plethodon  glutinosus  albagula  Grobman:  GUADALUPE  CO.:  10  mi  W 
New  Braunfels  off  Hwy.  16  on  Rompel’s  Ranch,  29  Jan.  1968  (15098- 
15112)  and  26  Jan.  1968  (17105-17119). 

ANURA 

Acris  crepitans  blanchardi  Harper:  MOTLEY  CO.:  1  mi  S  Roaring  Springs, 
6  Sept.  1966(31349-31352). 

Bufo  cognatus  Say:  PARMER  CO.:  Downtown  Bovina,  17  June  1966 
(18064). 

Bufo  marinus  (Linnaeus):  CAMERON  CO.:  in  Brownsville,  July  1964 
(1431). 

Bufo  speciosus  Girard:  HARDEMAN  CO.:  2  mi  S  Quanah  on  Hwy.  283, 
30  Aug.  1970  (28934);  MAVERICK  CO.:  1  mi  E  Eagle  Pass,  29  Aug.  1936 
(24809-24820);  MCMULLEN  CO.:  16  mi  S  Tilden  on  Hwy.  16,  20  Apr.  1971 
(36037-36038). 

Bufo  w.  woodhousei  Girard:  LUBBOCK  CO.:  McKenzie  Park  in  Lubbock, 
29  Apr.  1970  (31800-31802). 

Gastrophryne  carolinensis  (Holbrook):  MILAM  CO.:  10.5  mi  E  Rockdale 
along  Hwy.  79, 8  May  1969  (20884). 

Gastrophryne  olivacea  (Hallowell):  KLEBERG  CO.:  2  mi  S  of  farm  road 
628,4  July  1970  (28983-28986). 

Rana  pipiens  sphenocephala  Cope:  MARION  CO.:  Lake  O’  the  Pines,  18 
Aug.  1970  (32255-32262). 

Scaphiopus  bombifrons  Cope:  MITCHELL  CO.:  1-20  at  Colorado  City,  18 
Apr.  1973  (36147-36150);  TERRELL  CO.:  in  Sheffield,  24  June  1966 
(18091). 
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Scaphiopus  couchi  Baird:  ROBERTSON  CO.:  Little  Brazos  River  at  Hwy. 
79,  7  May  1969(20895). 

Scaphiopus  hammondi  Baird:  PARMER  CO.:  in  Bovina,  17  June  1966 
(17689-17690). 


TESTUTINATA 

Dierochelys  reticularia  miaria  Schwartz:  ORANGE  CO.:  2  collections  in 
Bridge  City,  10  May  1966  (7713)  and  21  May  1967  (15018). 

Kinostemon  f.  flavescens  (Agassiz):  WARD  CO.:  1-20  at  Monahans,  19 
Apr.  1973  (36145). 

Kinostemon  submbrum  hippocrepis  Gray:  SMITH  CO.:  Sabine  River  at 
Hwy.  16,  31  March  1973  (36658). 

Malaclemys  terrapin  littoralis  Hay:  BRAZORIA  CO.:  23  air  miles  S 
Houston,  1970  (29556). 

Stemothaerus  odoratus  (Latreille):  MARION  CO.:  Lake  O’  the  Pines,  21 
Dec.  1970  (PSH). 

Terrapene  Carolina  triunguis  Agassiz:  MARION  CO.:  10  mi  S  Lone  Star  on 
Hwy.  729,  9  Aug.  1973  (PSH). 

Terrapene  o.  ornata  (Agassiz):  MADISON  CO.:  2  mi  S  of  the  Madison- 
Leon  County  line,  13  May  1968  (16626). 

SQUAMATA 

Cnemidophorus  sexlineatus  (Linnaeus):  JIM  WELLS  CO.:  8  air  miles  NE 
Alice,  25  Aug.  1936  (27377-27385);  KINNEY  CO.:  6  mi  W  Bracketville  at 
roadside  park,  27  May  1970  (28850);  KAUFMAN  CO.:  20  mi  E  Dallas  on 
1-20,  9  Sept.  1972  (35911). 

Crotaphytus  c.  collaris  (Say):  MOTLEY  CO.:  20  air  miles  N  Dickens,  9 
June  1966  (18293);  LUBBOCK  CO.:  14  mi  S  Spraings  Lake,  24  Apr.  1970 
(31797). 

Eumeces  obsoletus  (Baird  and  Girard):  GARZA  CO.:  Two  Draw  Lakes  1 
mi  NE  Post,  25  Apr.  1970  (36399). 

Holbrookia  maculata  Girard:  COKE  CO.:  along  the  Colorado  R.  SE  Ro¬ 
bert  Lee,  18  June  1966  (17642);  DICKENS  CO,:  IVi  mi  NE  McAdoo,  26 
June  1966  (17648). 

Phrynosoma  modestum  Girard:  MENARD  CO.:  3  mi  W  Menard  on  Hwy. 
29,  11  Sept.  1970(29408). 

Urosaums  ornatus  (Baird  and  Girard):  WINKLER  CO.:  6.25  mi  W.  Wink, 
23  June  1966(16093-16094). 
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SERPENTES 

Coluber  constrictor  Linnaeus:  SMITH  CO.:  1  mi  S  of  the  Sabine  R.  on 
Hwy.  1804,  3  Mar.  1973  (36656);  MARION  CO.:  1  adult  DOR  on  Hwy.  729 
12  air  mi  S  Lone  Star,  20  June  1973  (PSH). 

Crotalus  atrox  Baird  and  Girard:  UPTON  CO.:  1  mi  W  Rankin  on  Hwy. 
67,  8  Aug.  1970  (29985)  and  5  mi  N  Texon  on  Hwy.  1555,  9  Aug.  1970 
(29996-29997),  STONEWALL  CO.:  2  mi  W  Swenson  on  Hwy.  380  (28898) 
and  5  mi  W  Aspermont  (28949),  both  on  30  Aug.  1970. 

Diadophis  punctatus  (Linnaeus):  MARION  CO.:  3  adults  taken  in  the  Jef¬ 
ferson  city  dump,  15  July  1971  (PSH). 

Elaphe  guttata  emoryi  Baird  and  Girard:  JIM  WELLS  CO.:  5  mi  S  Alice 
on  Hwy.  281,  4  July  1970  (28974);  HARDEMAN  CO.:  6  mi  N  Quanah  on 
Hwy.  283,  23  Aug.  1970  (PSH);  DIMMIT  CO.:  3  mi  E  Catarina  on  Hwy.  133, 
20  Feb.  1971  (36209). 

Elaphe  obsoleta  lindheimeri  Baird  and  Girard:  LAMPASSAS  CO.:  15  mi 
W  Lampassas  on  Hwy.  580,  29  May  1970  (28717);  IRION  CO.:  Hwy.  67  at 
Mertzon,  6  Aug.  1970  (29978). 

Heterodon  nasicus  Baird  and  Girard:  LYNN  CO.:  2  mi  SSE  Wilson  on 
Hwy.  211,3  July  1966(17694). 

Heterodon  platyrhinos  Latreille:  MARION  CO.:  1  adult  taken  alive  at 
1400  hours  on  Hwy.  729  at  Lake  O’  the  Pines,  4  June  197 1  (PSH). 

Lampropeltis  c.  calligaster  (Harlan):  SMITH  CO.:  in  Lindale,  31  Mar.  1973 
(36657);  MARION  CO.:  10  mi  S  Lone  Star  on  Hwy.  729,  10  June  1973 
(PSH). 

Lampropeltis  getulus  holbrooki  Stejneger:  MARION  CO.:  14  mi  S  Lone 
Star  on  Hwy.  729,  7  and  9  July  1973  (PSH). 

Lampropeltis  getulus  splendida  Baird  and  Girard:  GARZA  CO.:  12  mi 
W  Clairemont  on  Hwy.  380,  23  Aug.  1970  (28897). 

Lampropeltis  triangulum  (Lacepede):  KENNEDY  CO.:  between  Ray- 
mondville  and  Riviera  on  Hwy.  77,  3  July  1970  (28669). 

Leptotyphlops  d.  dulcis  (Baird  and  Girard):  NUECES  CO.:  under  house  in 
Corpus  Christi,  1959  (761-767);  COMAL  CO.:  at  the  Vogal  Ranch,  7  Apr. 
1973  (36687-36689). 

Masticophis  flagellum  (shaw);  DICKENS  CO.:  7  rfti  N  Dickens,  4  Aug. 
1935  (26543),  CROSBY  CO.:  %  mi  SE  Silver  Falls,  9  June  1966  (18071); 
UPTON  CO.:  Hwy.  349,  6  mi  S  Jet.  with  Hwy.  67,  8  Aug.  1970  (29984); 
MITCHELL  CO.:  10  mi  W  Colorado  City  on  Hwy.  163,  11  Sept.  1970 
(28714). 
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Micrunis  fulvius  tenere  Baird  and  Girard:  UVALDE  CO.:  800  yds.  E  of  the 
Nueces  R.  on  Hwy.  90,  22  Aug.  1970  (28593). 

Natrix  ery throgaster  flavigaster  Conant:  MILAM  CO.:  lO^mi  E  Rockdale 
on  Hwy.  79,  8  May  1969  (22806). 

Pituophis  melanoleucus  (Daubin):  HOCKLEY  CO.:  8  mi  S  Levelland  on 
Hwy.  385,  3  July  1966  (16077);  JIM  HOGG  CO.:  13  and  18  mi  S  Hebbron- 
ville  on  Hwy.  1017,  12  Apr.  1969  (36438,  36947);  YOAKUM  CO.:  12  mi  E 
Plains  on  Hwy.  380,  23  Aug.  1970  (28942). 

Rhinocheilus  lecontei  tessellatus  Garman:  STONEWALL  CO.:  between 
Swenson  and  Aspermont  on  Hwy.  380,  30  Aug.  1970  (28925-28927);  MIT¬ 
CHELL  CO.:  3  mi  N  Colorado  City  on  Hwy.  208,  10  Sept.  1970  (28989). 

Sistrurus  miliaris  streckeri  Gloyd:  MARION  CO.:  1  adult  (approx.  350 
mm  total  length)  was  observed  crossing  Hwy.  729,  7  mi  S  Lone  Star,  at  0100 
hours,  24  Aug.  1973  (PSH). 

Storeria  dekayi  texana  Trapido:  MILAM  CO.:  10  mi  E  Rockdale  on  Hwy. 
79,  8  May  1969  (20891-20893,  22796-22797)  and  4  mi  E  Thornhill  on  Hwy. 
79,26  May  1970  (28700). 

Tantilla  gracilis  Baird  and  Girard:  TARRANT  CO.:  Jet.  of  Hwy.  1036  & 
1037,  12  May  1968  (20618)  and  Brazos  R.,  10  mi  W  Rio  Vista,  25  Mar.  1967 
(10811). 

Tantilla  nigriceps  Kennicott:  MIDLAND  CO.:  3  mi  N  Midland,  10  Apr. 
1966  (17634-17635);  LUBBOCK  CO.:  7  mi  N  Lubbock,  14  June  1966 
(17636);  COOKE  CO.:  near  Marysville,  20  mi  W  Gainesville,  15  Apr.  1968 
(16531-16532);  JIM  HOGG  CO.:  approx.  20  mi  S  Hebbronville  on  Hwy. 
1017,22  Apr.  1973  (36338). 

Thamnophis  cyrtopsis  ocellata  Cope:  CROCKET  CO.:  20  mi  N  Panhandle 
on  Hwy.  163,  29  May  1970  (28716). 

Thamnophis  m.  marcianus  (Baird  and  Girard):  PARMER  CO.:  2  mi  N  Bo¬ 
vina,  17  June  1966  (161 13);  LUBBOCK  CO.:  7  mi  N  Lubbock,  14  June  1966 
(16111)  and  13  mi  SE  Lubbock,  3  July  1966  (161 12);  GARZA  CO.:  1  mi  SE 
Post  on  Hwy.  84,  19  Apr.  1970  (31807-31808). 
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ABSTRACT 

An  empirical  investigation  of  response  to  terminology  among  middle-class  Mexican 
Americans  in  4  Texas  communities  revealed  that  Spanish-sumamed  and  Mexican  Ameri¬ 
can  are  the  most  acceptable  terms  whereas  Chicano  is  among  the  least  acceptable.  Prox¬ 
imity  to  the  Texas-Mexico  border  was  found  to  be  a  significant  variable  affecting  accep¬ 
tance  of  these  and  other  selected  terms.  On  the  other  hand,  level  of  education  was  found 
to  have  little  significant  effect  in  explaining  differences  in  acceptance  of  terms. 

INTRODUCTION 

Congruent  with  the  increasing  interest  in  Mexican- American  studies  in  re¬ 
cent  years  is  an  enhanced  quandary  with  regard  to  acceptable  terminology. 
Whereas  the  terms  Spanish-sumamed  or  Mexican  -A  merican  were  generally 
considered  to  be  acceptable  among  scholars,  and  thought  to  be  acceptable 
among  members  of  the  Mexican-American  population,  there  is  manifest  evi¬ 
dence  to  suggest  that  this  is  no  longer  the  case — at  least  in  scholarly  circles. 
More  so,  the  term  Chicano  continues  to  gain  in  prominence  as  the  accept¬ 
able  means  of  reference  for  members  of  the  Mexican-American  community. 
Penalosa  (1970),  for  example ,  recently  noted  that  “the  term  ‘Chicano’  is 
rapidly  replacing  the  term  ‘Mexican  American’  as  the  self-chosen  term  for  the 
group  especially  among  its  more  militant  and  better  informed  members.”  On 
the  other  hand,  there  is  limited  empirical  evidence  concerning  acceptable 
terminology  among  the  Mexican-American  population  per  se.  This  paper, 
then,  reports  an  empirical  investigation  designed  to  identify  attitudes  to¬ 
ward  selected  terms  among  members  of  the  Mexican-American  population. 
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SAMPLE 


The  data  reported  were  collected  during  an  investigation  of  the  middle- 
class  Mexican-American  population  in  4  Texas  communities:  Waco,  Austin, 
McAllen,  and  Lubbock.  Availability  of  a  panel  of  judges  in  the  Waco  com¬ 
munity  was  the  primary  reason  for  pretesting  in  this  community,  as  well  as  an 
expected  limited  population  of  Mexican  Americans  fitting  the  parameters 
established  for  sampling-thereby  providing  for  a  more  valid  evaluation  of 
sampling  techniques.  The  panel  of  judges  consisted  of  5  Mexican  Americans, 
active  in  the  Mexican-American  community  and  well  acquainted  with  the 
Mexican-American  population.  The  other  3  communities  selected  were 
McAllen,  Austin,  and  Lubbock.  Proximity  to  the  Texas-Mexico  border  was 
the  primary  selection  criterion  with  McAllen  being  closest  to  the  border,  Aus¬ 
tin  approximately  in  the  middle  of  the  state,  and  Lubbock  of  greater  distance 
from  the  border. 

For  the  purposes  of  the  investigation  employing  this  sample,  social  status 
was  divided  into  4  strata  based  on  occupation.  The  specific  delineation  of  oc¬ 
cupations  is  presented  in  Figure  1  below. 


Status 

Upper 


Middle 


Working 

class 

Lower 


Figure  1 

Status  Classification  of  Occupations 


Labor 


White  collar 

managerial, 

clerical, 

professional, 

semi-professional, 

major  product  sales, 

and  so  forth 

Skilled, 

semi-skilled 

Unskilled  labor 


Farm 

Owner  of  large 
estate 


Owner  of  large 
farm,  manager  of 
large  farm 


Owner  of  small 
farm,  foreman  of 
farm  or  ranch 

Migrant  farmer, 
tenant  farmer, 
sharecropper 


Other 

Independent  wealth, 
proprietor  of  very 
large  establishment, 
old  family 

Proprietor  of  large 
establishment 


Owner  of  small 
business 


Self-employed  but 
unskilled  labor 


The  city  directory  for  each  community  was  used  to  acquire  the  names  and 
specific  occupation  of  all  Spanish-surnamed  males  employed  in  that  commun¬ 
ity.  The  directories  list  all  individuals  employed  in  a  specified  area,  their  spe¬ 
cific  occupation,  and  address.  A  list  provided  by  the  U.  S.  Census  Bureau  was 
used  to  identify  Spanish-surnames.  An  inventory  was  then  compiled  for  each 
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community  consisting  of  all  individuals  with  occupations  fitting  the 
prescribed  parameters  operationalized  as  middle-class  for  this  investigation. 
Subsequent  pretesting  of  this  procedure  in  Waco  substantially  supported  the 
reliability  of  this  method  for  acquiring  a  sample  (Teske  and  Nelson,  1973). 
The  population  of  middle-class  Mexican-American  males  in  each  of  the  com¬ 
munities  was  then  randomly  ordered  and  a  sampling  quota  devised  for  each 
community.  Interviewing  proceeded  according  to  this  random  order  until  the 
quota  had  been  reached.  Rate  of  refusal  averaged  approximately  15%  in  each 
community. 

Instrument 1 ,  The  respondent  was  presented  with  a  list  of  7  terms  pre¬ 
ceded  by  the  following  directions:  “circle  that  response  which  best  expresses 
your  reaction  should  someone' refer  to  you  by  the  following  terms.”  Five  re¬ 
sponse  choices  were  listed  for  each  term  (assigned  value  for  each  response 
is  in  parentheses):  (1)  definitely  do  not  object  to  being  referred  to  by  this 
term;  (2)  do  not  object  to  being  referred  to  by  this  term;  (3)  uncertain;  (4) 
object  to  being  referred  to  by  this  term;  and  (5)  definitely  object  to  being  re¬ 
ferred  to  by  this  term.  The  7  terms  listed,  in  the  following  order,  were:  (a) 
Spanish -surnamed;  (b)  Spanish;  (c)  Mexican;  (d)  Mexican  American;  (e)  Chi- 
cano;  (f)  Mexicano;  and  (g)  Italian. 

Choice  Responses.  Table  1  presents  the  responses  for  the  total  sample.  The 
data  reveal  that  the  2  terms  objected  to  the  least  are  Spanish-sumamed,  83%, 
and  Mexican  American,  82%.  With  the  exception  of  Italian,  Chicano  is  the 
term  objected  to  by  the  greatest  percentage  of  the  respondents,  47%. 


Table  1 

Response  to  Terminology:  Total  Sample* 


Response 

Spanish- 

sumamed 

N  % 

Spanish 

N  % 

Mexican 

N  % 

Mexican 

American 

N  % 

Chicano 

N  % 

Mexicano 

N  % 

Italian 

N  % 

Definitely 

Do  Not  Object 

60 

.40 

49 

.32 

55 

.36 

75 

.50 

40 

.26 

43 

.28 

9 

.06 

Do  Not  Object 

65 

.43 

56 

.37 

45 

.30 

49 

.32 

31 

.21 

51 

.34 

16 

.11 

Uncertain 

8 

.05 

13 

.09 

12 

.08 

7 

.05 

9 

.06 

11 

.07 

17 

.11 

Object 

6 

.04 

15 

.10 

19 

.13 

11 

.07 

18 

.12 

19 

.13 

33 

.22 

Definitely 

Object 

12 

.08 

18 

.12 

20 

.13 

9 

.06 

53 

.35 

27 

.18 

76 

.50 

*N»151 


^he  instrument  was  incorporated  in  a  more  extensive  interview  schedule  employed  in 
an  analysis  of  status  mobility  patterns  among  middle-class  Mexican  Americans  in  Texas. 
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Comparison  By  Community.  Table  2  reports  a  comparison  of  the  mean 
scores  of  each  term  by  community.  The  data  reveal  that  in  McAllen,  the  com¬ 
munity  closest  to  the  border,  the  terms  Mexican  American,  Chicano,  and 
Mexicano  are  less  acceptable  than  in  each  of  the  other  communities.  On  the 
other  hand,  the  respondents  in  McAllen  did  not  object  to  Spanish  and  Italian 
as  strongly  as  did  the  respondents  in  the  other  communities.  Spanish-sur- 
named  and  Mexican  were  more  equally  acceptable  among  the  communities, 
though  respondents  in  Lubbock,  the  community  farthest  from  the  border, 
evidenced  stronger  objection  to  both  of  these  terms  than  did  the  respondents 
in  each  of  the  other  communities. 


Table  2 

Response  to  Terminology:  Comparison  of  Mean  Scores  by  Community* 


Terra 

Waco 

(N-32) 

Austin 

(N-51) 

McAllen 

(N-41) 

Lubbock 

(N-27) 

F 

K 

Spani  sh- sumamed 

1.9688 

1.8039 

1.8537 

2.4815 

2.316 

.076 

Spanish 

2.3125 

2.2157 

2.0488 

2.9259 

2.589 

.054 

Mexican 

2.0000 

2.2941 

2.3902 

2.8889 

2.013 

.113 

Mexican  American 

1.4688 

1.7255 

2.3171 

1.9630 

3.777 

.012 

Chicano 

3.1563 

2.7059 

3.8049 

2.6296 

4.364 

.005 

Mexicano 

2.3125 

2.2353 

3.3902 

2.2963 

6.427 

.001 

Italian 

3.7813 

4.2353 

3.6829 

4.2963 

2.340 

.074 

Analysis  of  Variance  used  to  compare  means 


Level  of  Education.  Table  3  reports  a  comparison  of  mean  scores  for  each 
term  by  level  of  education.  Respondents  were  dichotomized  into  2  groups: 
(a)  less  than  high  school  and  high  school  completed  and  (b)  some  college  and 
college  degree.  In  each  case  the  data  failed  to  reject  the  null  hypothesis  that 
there  is  no  difference  between  mean  scores  based  on  level  of  education.  The 
limited  differences  between  the  mean  scores  for  Mexican  American  and  Chi¬ 
cano  are  especially  noteworthy.2 


Conclusion.  Generalizations  from  the  data  reported  in  this  paper  are,  of 
course,  restricted  by  the  geographic  and  socioeconomic  limitations  of  the 

2 

Comparison  of  mean  scores  between  respondents  with  a  college  degree  and  those  with¬ 
out  a  college  degree  revealed  similar  results. 
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Table  3 

Response  to  Terminology:  Comparison  by  Mean  Scores  by  Level  of  Education* 


Term 

Less  Than 
High  School 
+  High  School 
Completed 
Mean 
(N-?4) 

Some  College 
+  College 
Degree 

Mean 

(N-77) 

Difference 

Between 

Means 

F 

K 

Spanish- 

sumamed 

1.9595 

1.9870 

0.0275 

0.021 

.879 

Spanish 

2.1486 

2.4805 

0.3319 

2.340 

.124 

Mexican 

2.2027 

2.5195 

0.3168 

1.886 

.168 

Mexican 

American 

1.8649 

1.8831 

0.0182 

0.009 

.921 

Chicano 

3.1486 

3.0260 

0.1226 

0.202 

.658 

Mexicano 

2.4730 

2.6753 

0.2023 

0.716 

.596 

Italian 

4.1216 

3.8831 

0.2385 

1.356 

..244 

^Analysis  of  Variance  used  to  compare  means 


sample.  However,  these  findings  should  prove  of  heuristic  value,  particularly 
as  regards  the  middle-class  Mexican-American  population,  and  for  compara¬ 
tive  purposes  with  other  findings.  The  data  suggest,  for  example,  that  Chicano 
is  not  as  acceptable  a  term  as  are  Mexican  American  or  Spanish-sumamed. 
Furthermore,  the  data  suggest  that  the  assumption  by  Penalosa  (1970)  that 
Chicano  is  replacing  Mexican  American  among  the  “better  informed  mem¬ 
bers”  is  questionable.  Apparently,  level  of  education  is  not  a  significant  fac¬ 
tor  affecting  acceptance  of  the  term  Chicano,  or  the  generic  term  Mexican 
American.  On  the  other  hand,  proximity  to  the  Texas-Mexico  border  does 
appear  to  be  a  significant  variable  affecting  acceptance  or  rejection  of  these 
terms. 


LITERATURE  CITED 


Penalosa,  Fernando,  1970-Recent  changes  among  the  Chicanos.  Sociology  and  Social 
Research,  55:  47. 

Teske,  Raymond  Jr.  and  Nelson,  Bardin  H.,  1973— Two  scales  for  the  measurement  of 
Mexican-American  identity  .Intern.  Rev.  of  Modem  Sociology,  Vol.  III. 


THE  NUTRITIVE  VALUE  OF  COMMERCIAL  WHITE  BREAD 
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ABSTRACT 

A  study  of  the  nutritional  value  of  commercial  white  bread  as  a  single  food  for  ham¬ 
sters  is  presented.  Hamsters  were  maintained  on  a  diet  of  only  white  bread  for  90  days. 
While  the  white  bread  proved  to  be  an  inadequate  diet,  hamsters  had  a  higher  survival 
rate  than  previously  reported  for  rats  on  a  similar  diet.  A  question  then  arises  as  to  the 
value  of  nutritional  studies  based  on  only  one  mammalian  species  when  the  end  result  is 
to  be  applied  to  human  nutritional  problems. 

INTRODUCTION 

Williams  and  co-workers  (1970,  1971)  have  reported  studies  in  which  2/3 
of  their  white  rats  died  within  90  days  when  fed  only  commercial  white 
bread.  Would  the  results  be  the  same  if  other  mammals  were  fed  only  white 
bread?  The  white  rat  may  not  be  the  best  model  for  human  nutrition  studies. 
Since  such  experiments  cannot  be  done  with  humans  as  the  test  organism, 
more  data  is  needed  on  many  different  mammalian  species.  In  this  way  more 
complete  knowledge  of  animal  nutrition  may  be  gained,  and  hopefully,  this 
knowledge  may  be  applied  to  human  nutrition. 

What  animal  is  the  best  model  for  human  nutrition  studies?  Just  as  the  nu¬ 
tritional  requirements  of  individuals  of  one  species  may  vary  widely  (Wil¬ 
liams,  1969)  so  there  may  be  wide  variation  in  the  nutritional  requirements  of 
different  species.  The  purpose  of  this  work  is  to  study  the  nutritive  value  of 
commercial  white  bread  as  a  single  food  for  hamsters. 


^his  research  was  supported  by  Texas  Woman’s  University,  Institutional  Research 
Grant  No.  0961. 
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EXPERIMENTAL 

Weanling  Syrian  hamsters  were  sex  segregated,  weighed,  and  placed  in  wire 
cages  (18  x  24  x  18  cm).  Three  animals  were  placed  in  a  cage.  All  the  ham¬ 
sters,  8  cages  of  males  and  7  cages  of  females,  were  fed  Purina  Rodent  Chow 
(Ralston  Purina  Co.,  Checkerboard  Square,  St.  Louis,  Mo.)  ad  libitum  for  3 
days.  The  animals  were  again  weighed  at  the  end  of  this  period.  Then  the 
diets  in  4  cages  of  males  and  4  cages  of  females  were  changed  to  commercial 
white  bread.  The  word  “enriched”  was  on  the  bread  wrapper.  This  enrich¬ 
ment  was  the  same  as  is  in  all  regular  breads,  which  is  required  by  the  FDA. 
The  remaining  4  cages  of  males  and  3  cages  of  females  were  fed  rodent  chow. 
All  diets,  and  water  were  given  ad  libitum  throughout  the  entire  experiment. 
All  animals  were  weighed  every  other  day.  Weight  versus  days  on  the  diet  was 
plotted  (Figure  1). 

For  comparison,  white  rats  of  the  Sprague-Dawley  strain  were  used  in  the 
same  type  of  experiment  described  above.  However,  a  fewer  number  of  rats 
were  used,  and  they  were  not  differentiated  as  to  sex.  The  rats  were  placed  in 
individual  wire  cages  (18  x  24  x  18  cm). 

The  environmental  conditions  anfl  handling  of  the  experimental  animals 
were  in  compliance  with  applicable  Federal  Regulations. 

RESUTS  AND  DISCUSSION 

The  hamsters  fed  commercial  white  bread  had  a  much  better  survival  rate 
than  did  the  white  rats.  The  survival  rate  for  the  male  hamsters  was  67%  and 
that  for  the  female  hamsters  was  83%  at  the  end  of  90  days  (Table  1).  In 


Table  1 

Percent  Survival  on  Each  Diet 


Animal  Group 

Diet 

Original  Number 
of  animals 

Number  of  Animals 
After  90  days  on 
Diet 

%  Survival 

Hamster-Male 

Rodent 

Chow 

12 

11 

92 

Hamster-Male 

White 

Bread 

12 

8 

67 

Hamster-Female 

Rodent 

Chow 

9 

9 

100 

Hamster-Female 

White 

Bread 

12 

10 

83 

Rat-Sex 

Undifferentiated 

Rodent 

Chow 

5 

5 

100 

Rat-Sex 

Undifferentiated 

White 

Bread 

5 

1 

20 
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DAYS  ON  DIET 


Figure  1.  Mean  body  weights  of  hamsters  on  rodent  chow  and  white  bread  diets. 
A  Female  fed  white  bread 
A  Female  fed  rodent  chow 
O  Male  fed  white  bread 
•  Male  fed  rodent  chow 
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Figure  2.  Mean  Body  weights  of  rats  on  different  diets. 
O  White  Bread 
•  Rodent  Chow 
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other  words,  only  about  25%  of  all  the  hamsters  (both  male  and  female)  on 
the  white  bread  diet  died  within  90  days.  However,  the  white  rats  used  in  this 
study  have  a  much  lower  survival  rate  than  the  hamsters.  At  the  end  of  90 
days  only  20%  of  the  rats  were  still  alive.  This  is  in  agreement  with  the  exper¬ 
iments  of  Williams  and  co-workers  (1970,  1971). 

However,  the  hamsters  that  did  survive  90  days  on  white  bread  showed 
signs  of  malnutrition.  These  animals  had  poor  coats,  keratinization  of  the 
eyes,  and  retarded  growth.  At  the  end  of  90  days  the  male  hamsters  fed  ro¬ 
dent  chow,  a  nutritionally  complete  diet,  weighed  an  average  of  125  gm,  and 
those  fed  only  white  bread  weighed  an  average  of  85  gm.  The  females  fed  ro¬ 
dent  chow  weighed  an  average  of  150  gm,  and  those  females  fed  white  bread 
weighed  an  average  of  90  gms  at  the  end  of  90  days.  Over  the  90  day  period 
the  male  and  female  hamsters  fed  white  bread  had  nearly  the  same  weight- 
gain  profile. 

At  the  end  of  the  90  day  period  the  rats  fed  white  bread  weighed  on  an 
average  about  half  as  much  as  those  on  rodent  chow.  The  profiles  of  weight 
gain  on  rodent  chow  were  about  the  same  for  both  the  hamsters  and  the  rats. 
The  results  of  the  rat  experiment  are  presented  in  Figure  2. 

One  cage  of  male  hamsters,  and  one  of  females,  were  maintained  on  a  diet 
of  white  bread  for  35  days  beyond  the  original  90  days.  All  the  animals  sur¬ 
vived  but  were  in  very  poor  condition  at  the  end  of  this  additional  period  on 
a  diet  of  white  bread.  These  animals  were  then  put  on  a  rodent  chow  diet. 
They  immediately  began  to  gain  weight  normally,  and  finally  regained  a 
healthy  appearance. 

Limited  experiments  were  conducted  in  which  hamsters  were  fed  commer¬ 
cial  wheat  bread,  pop  tarts,  and  certain  dry  breakfast  cereals  as  single  foods. 
These  foods  were  only  a  little  better  than  white  bread  for  the  nutrition  of 
hamsters.  This  is  in  general  agreement  with  similiar  experiments  with  these 
items  as  single  foods  for  white  rats  (Williams,  et  al.,  1971). 

These  experiments  support  those  ofWilliams,  etal ,  (1970, 197 1)  in  showing 
that  commercial  white  bread  as  a  single  food  is  inadequate  for  the  proper  nu¬ 
trition  of  rats  and  hamsters.  However,  this  research  also  shows  that  hamsters 
have  a  somewhat  different  response  to  a  diet  of  bread  than  do  rats.  The  con¬ 
clusion  is,  then,  that  nutrition  experiments  such  as  these  should  be  conducted 
with  a  number  of  different  mammals  before  applying  the  results  to  human 
nutritional  problems. 
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ANALYTICAL  CHEMISTRY  CURRICULA 
IN  TEXAS  SENIOR  INSITUTIONS 
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77566 

ABSTRACT 

In  an  effort  to  determine  the  present  situation  in  the  analytical  chemistry  curricula 
of  senior  colleges  and  universities,  a  study  was  made  of  the  72  Texas  senior  institutions 
of  higher  education  as  listed  by  the  Texas  Coordinating  Board.  Three  trends  regarding 
this  area  of  the  undergraduate  chemistry  curriculum  are  proposed:  (1)  The  elimination 
of  qualitative  analysis  from  the  curriculum,  (2)  the  incorporation  of  quantitative  analy¬ 
sis  into  the  freshman  course,  and  (3)  the  addition  of  specialized  instrument  courses  to 
the  curriculum. 

Chemistry  curricula  in  today’s  senior  colleges  and  universities  are  faced 
with  the  problems  created  by  the  tremendous  growth  of  knowledge  in  this 
discipline  and  the  necessity  of  covering  in  a  conventional  4-year  undergra¬ 
duate  program  far  more  than  was  necessary  only  a  few  years  ago.  To  cover 
this  necessary  material  requires  a  constant  and  careful  analysis  of  the  curricu¬ 
lum  to  eliminate  any  outdated  or  unnecessary  parts.  This  has  led  to  an  in¬ 
creasing  emphasis  on  theory  and  a  decrease  in  the  amount  of  descriptive 
material  and  laboratory  work. 

Traditionally,  qualitative  and  quantitative  chemistry  became  part  of  the 
curriculum  at  a  time  when  every  chemist  had  to  be  an  analyst.  Teachers  per¬ 
haps  have  over-emphasized  the  practical  side  of  qualitative  and  quantitative 
analysis  training  given  the  student  through  these  analyses.  This  is  a  result  of 
early  traditions  which  became  ingrained  before  the  widespread  utilization  of 
instrumentation  and  the  development  of  analytical  chemistry  as  a  major  field 
in  chemistry. 

In  the  late  1930’s,  many  schools  began  to  drop  the  separate  qualitative 
analysis  course  and  incorporate  the  laboratory  work  into  the  freshman 
course.  Quantitative  analysis  courses  did  not  change  much  until  the  1950’s, 
when  it  was  recognized  that  the  competent  chemist  should  know  how  to  use 
the  modern  chemical  instrumentation  which  were  commercially  available. 
There  was  a  rapid  change  to  replacement  of  wet  analyses  formerly  given  in 
the  2nd  quantitative  analysis  course  by  instrumental  methods. 
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In  an  effort  to  determine  the  present  situation  in  this  area  of  the  chemis¬ 
try  curriculum,  a  study  was  made  of  the  72  Texas  senior  institutions  of  higher 
education  as  listed  by  the  Texas  Coordinating  Board.  A  descriptive  list  of 
those  schools  teaching  chemistry  courses  is  given  in  Table  1.  Those  schools 
not  teaching  chemistry  or  teaching  only  graduate  level  courses  are  omitted. 

Table  1 


Texas  Senior  Higher  Education  Institutions  Studied 


Chem. 

ACS 

Public 

Private 

Degree  Offered 

Accredited 

Institution 

Institution 

Abilene  Christian  College 

X 

X 

X 

Angelo  State  University 

X 

X 

Austin  College 

X 

X 

Baylor  University 

X 

X 

X 

Bishop  College 

X 

X 

Dallas  Baptist  College 

X 

X 

Dominican  College 

X 

East  Texas  Baptist  College 

X 

X 

East  Texas  State  University 

X 

X 

X 

Hardin-Simmons  University 

X 

X 

Howard  Payne  College 

X 

X 

Houston  Baptist  College 

X 

X 

Huston-Tillotson  College 

X 

X 

Incarnate  Word  College 

X 

X 

Jarvis  Christian  College 

X 

X 

Lamar  University 

X 

X 

X 

LeTourneau  College 

X 

X 

Lubbock  Christian  College 

X 

X 

Mary  Hardin-Baylor  College 

X 

X 

McMurry  College 

X 

X 

X 

Midwestern  University 

X 

X 

X 

North  Texas  State  University 

X 

X 

X 

Our  Lady  of  the  Lake  College 

X 

X 

Pan  American  University 

X 

X 

Paul  Quinn  College 

X 

Prairie  View  College 

X 

X 

St.  Edward’s  University 

X 

X 

St.  Mary’s  University 

X 

X 

Sam  Houston  State  University 

X 

X 

X 

Southern  Methodist  University 

X 

X 

X 

Southwest  Texas  State  University 

X 

X 

X 

Southwestern  Union  College 

X 

X 
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Table  1  -  Texas  Senior  Higher  Education  Institutions  Studied  (continued). 

Chem.  ACS  Public  Private 

Degree  Offered  Accredited  Institution  Institution 


Southwestern  University 

X 

X 

Stephen  F.  Austin  University 

X 

X 

Sul  Ross  State  University 

X 

X 

Tarleton  State  College 

X 

X 

Texas  A  &  I  University 

X 

X 

Texas  A  &  M  University 

X 

X 

X 

Texas  Christian  University 

X 

X 

X 

Texas  College 

x 

X 

Texas  Lutheran  College 

X 

X 

Texas  Southern  University 

X 

X 

X 

Texas  Technological  University 

X 

X 

X 

Texas  Wesleyan  College 

X 

X 

Texas  Woman’s  University 

X 

X 

X 

Trinity  University 

X 

X 

X 

University  of  Corpus  Christi* 

X 

X 

University  of  Dallas 

X 

X 

University  of  Houston 

X 

X 

X 

University  of  St.  Thomas 

X 

X 

Univ.  of  Texas  at  Arlington 

X 

X 

X 

Univ.  of  Texas  at  Austin 

X 

X 

X 

Univ.  of  Texas  at  El  Paso 

X 

X 

X 

Way  land  Baptist  College 

X 

X 

West  Texas  State  University 

X 

X 

X 

Wiley  College 

X 

X 

William  Marsh  Rice  Univ. 

X 

X 

X 

*Now  Texas  A  &  I  University  at  Corpus  Christi 


Chemistry  course  descriptions  of  these  schools  were  obtained  from  the  re¬ 
cent  catalog  of  each  institution.  These  descriptions  were  examined  in  an  at¬ 
tempt  to  determine  the  present  situation  and  trends  indicated  in  the  areas  of 
qualitative  and  quantitative  chemistry  and  chemical  instrumentation.  The 
results  of  the  study  are  tabulated  in  Table  2.  For  the  purpose  of  this  study, 
a  classical  quantitative  analysis  course  refers  to  one  in  which  the  classical  me¬ 
thods  of  volumetric,  gravimetric,  and  titrimetric  analyses  are  emphasized; 
a  modern  quantitative  analysis  course  refers  to  one  in  which  instrumental  me¬ 
thods  of  quantitative  analysis  are  stressed;  a  comprehensive  instruments 
course  refers  to  one  in  which  the  theory  and  applications  of  all  types^of  in- 
struments-electrical,  optical,  and  chromatographic-are  discussed;  a  special¬ 
ized  instruments  course  refers  to  a  course  such  as  spectroscopy,  physio-chem¬ 
ical  measurements,  electrochemistry,  X-ray  analysis,  etc. 

# 
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Table  2 

Percentage  of  Schools  in  Various  Analytical  Chemistry  Curriculum  Categories 


Institu. 

Teaching 

Chem. 

(57) 

Institu. 

Offering 

A  Degree 
(55) 

ACS 

Accred. 

Institu. 

(22) 

Public 

Institu¬ 

tions 

(22) 

Private 

Institu¬ 

tions 

(35) 

Separate  Qual. 

Course 

21% 

18% 

14% 

18% 

23% 

Qual.  Treated 

In  Gen.  Chem. 

46% 

47% 

36% 

41% 

48% 

No.  Qual.  Listed 

In  Course 

Descriptions 

33% 

35% 

50% 

41% 

29% 

Separate 

Classical 

Quant.  Course 

72% 

71% 

55% 

73% 

71% 

Separate  Modem 

Quant.  Course 

40% 

42% 

41% 

36% 

43% 

Quant.  Treated 

Only  in  Gen.  Chem. 

12% 

13% 

23% 

14% 

11% 

Comprehensive 
Instruments  Course 

61% 

64% 

68% 

73% 

54% 

Specialized 

Instruments  Course 

14% 

15% 

23% 

9% 

17% 

Both  Comprehensive 
Instruments  and 
Specialized  Courses 

7% 

7% 

14% 

0% 

11% 

Specialized  Courses 

With  No  Comprehensive 
Instruments 

7% 

7% 

14% 

5% 

9% 

Comprehensive 
Instruments  With 

No  Specialized 

Courses 

54% 

56% 

55% 

73% 

43% 

Classical  Quant, 
and  Modern  Quant. 
Courses 

18% 

18% 

18% 

14% 

20% 

Classical  Quant. 

And  A  Comprehensive 
Instruments  Course 

40% 

42% 

36% 

50% 

34% 

18% 


Classical  Quant. 
And  Modern 
Quant.  Courses 


18% 


18% 


14% 


20% 
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Table  2  -  Continued 

Percentage  of  Schools  in  Various  Analytical  Chemistry  Curriculum  Categories 


Institu. 

Teaching 

Chem. 

(57) 

Institu. 

Offering 

A  Degree 
(55) 

ACS 

Accred. 

Institu. 

(22) 

Public 

Institu¬ 

tions 

(22) 

Private 

Institu¬ 

tions 

(35) 

Classical  Quant. 

And  A  Comprehen¬ 
sive  Instruments 

Course 

40% 

42% 

36% 

50% 

34% 

Modern  Quant. 

And  A  Comprehen¬ 
sive  Instruments 

Course 

11% 

11% 

18% 

9% 

11% 

Classical  Quant. 

Modern  Quant. 

And  A  Comprehensive 
Instruments  Course 

7% 

7% 

0% 

9% 

6% 

The  qualitative  chemistry  course  today,  most  often  a  part  of  the  freshman 
laboratory  work  (the  case  in  46%  of  Texas  Schools),  is  reduced  to  considera¬ 
tion  of  a  relatively  few  ions,  and  is  based  on  semimicro  procedures.  The  ob¬ 
jectives  are  to  illustrate  and  teach  applications  of  ionic  equilibria  to  ioniza¬ 
tion  of  weak  acids,  buffer  solutions,  solubility  products  and  precipitation, 
complex  ions,  and  oxidation-reduction  reactions,  and  to  teach  by  experience 
some  chemical  properties  of  the  more  common  ions. 

There  is  some  question  as  to  whether  retention  of  systematic  qualitative 
analysis  is  worthwhile,  particularly  when  classes  are  so  large  that  the  labora¬ 
tory  instruction  is  necessarily  given  by  teaching  assistants.  Assuming  that 
American  Chemical  Society  (ACS)  accredited  schools  tend  to  show  the  cur¬ 
rent  trends,  Table  2  indicates  that  the  trend  is  toward  the  omission  of  quali¬ 
tative  analysis  altogether  (50%  ACS  versus  33%  overall).  Some  objections  to 
the  inclusion  of  qualitative  analysis  are  as  follows: 

1.  Students  generally  do  not  carry  from  the  course  much  feeling  for  the 
chemical  properties  of  the  various  ions  they  work  with  in  the  analyses. 

2.  Students  tend  to  follow  the  procedures  in  a  “cookbook”  manner  in¬ 
stead  of  thinking  about  what  is  happening. 

3.  It  is  extremely  difficult  to  get  the  average  student  to  correlate  the  lec¬ 
ture  material  on  ionic  equilibria  with  what  occurs  in  his  test  tubes.  This  is 
primarily  due  to  the  pressure  of  time  which  is  so  prevalent  in  “qual”  labs  and 
causes  a  “cookbook”  instead  of  a  scientific  attitude  toward  the  experiments. 

4.  Grades  that  are  given  on  unknown  analyses  are  of  questionable  value  as 
indicators  of  a  student’s  ability.  Within  any  given  analytical  group  there  is  a 
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wide  variation  in  difficulty  among  the  various  samples  given  students  but  this 
variation  is  not  considered  when  the  numerical  grades  are  given  for  the  re¬ 
ports. 

5.  In  addition,  accurate  measurements  are  not  required,  and  so  most  stu¬ 
dents  acquire  careless  laboratory  habits  that  must  later  be  corrected  (usually 
with  great  difficulty)  when  quantitative  methods  are  used. 

On  the  other  hand,  the  qualitative  analysis  laboratory  offers  a  first-hand 
exposure  to  a  wide  variety  of  chemical  reactions  that  the  student  can  observe. 
If  qualitative  analysis  is  eliminated,  we  may  possibly  face  the  danger  of  turn¬ 
ing  out  students  well  versed  in  theory  but  with  no  chemical  intuition.  A  pos¬ 
sible  solution  would  be  to  retain  some  qualitative  analysis  work,  but  to  re¬ 
duce  the  amount  of  laboratory  time  and  increase  the  amount  of  discussion, 
so  that  the  student  is  made  more  aware  of  what  is  happening  in  his  test  tubes. 

It  is  currently  accepted  that  quantitative  analysis  courses  are  necessary  to 
satisfy  several  important  objectives.  Some  of  these  objectives  are  listed  below. 

1.  They  repeatedly  demonstrate  the  practical  applications  of  stoichiomet¬ 
ric  calculations  in  laboratory  measurements. 

2.  They  provide  instruction  and  practice  in  the  precise  techniques  of  labo¬ 
ratory  work.  This  includes  both  proper  use  of  the  basic  volumetric  equip¬ 
ment  and  practice  in  preparation  and  standardization  of  solutions. 

3.  They  provide  a  laboratory  experience  which  permits  the  student  to 
have  confidence  in  his  work. 

4.  They  emphasize  by  calculation  and  examples  the  applications  of  ionic 
equilibria  to  reactions  in  solutions. 

Formerly  the  beginning  quantitative  analysis  course  was  always  given  as  a 
separate  semester’s  work.  This  is  still  the  case  in  72%  of  the  Texas  institutions 
and  55%  of  the  ACS  accredited  schools  in  Texas.  There  seems  to  be  a  trend  to 
incorporate  this  work  into  the  laboratory  part  of  the  freshman  course  if  one 
again  looks  at  the  ACS  accredited  schools  in  Table  2  (23%  ACS  versus  12% 
overall). 

The  freshman  laboratory  is  the  ideal  place  for  teaching  the  student  proper 
techniques  and  how  to  do  reliable  work,  but  only  when  there  is  locker  space 
for  each  student  to  have  his  own  equipment  and  free  time  in  the  laboratory 
for  the  student  to  do  such  repeat  analyses  as  he  finds  necessary  to  get  trust¬ 
worthy  results.  It  has  been  a  common  occurrence  much  too  often  in  the  past, 
that  we  have  provided  crude  tools  for  this  laboratory  and  given  experiments 
that  allowed  careless  and  sloppy  work.  It  is  much  better  to  teach  proper  use 
of  and  respect  for  the  tools  from  the  start  than  to  try  to  conform  poor  lab¬ 
oratory  habits  learned  in  previous  laboratories  to  acceptable  standards.  We 
should  not  demand  careful  work  from  the  student  unless  we  provide  ample 
time  for  repeat  measurements,  and  adequate  tools  for  these  measurements. 
Because  of  the  difficulties  encountered  in  teaching  quantitative  analysis  in  the 
freshman  laboratory,  it  may  not  be  feasible  to  replace  the  sophomore  course 
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in  this  manner  except  in  limited  enrollment  schools  or  honor  sections  of  large 
schools.  There  is  no  doubt  that  placing  quantitative  analysis  in  the  freshman 
laboratory  in  place  of  qualitative  analysis  would  be  an  improvement  on  much 
of  yesterday’s  freshman  laboratory  work,  but  unless  provision  is  made  to  esta¬ 
blish  conditions  under  which  the  student  can  do  precise  work  effectively, 
some  of  the  values  of  the  quantitative  analysis  course  may  also  be  lost. 

As  far  as  instruments  courses  are  concerned,  the  graduate  of  today  needs 
to  know  how  to  use  such  methods  as  vapor  phase  chromatography,  UV  and 
IR  spectroscopy,  flame  photometry,  photoelectric  colorimetry,  emf  and  pH 
measurements,  polarography  and  other  electrochemical  analyses,  NMR  and 
ESR,  etc.  Also  he  needs  to  understand  something  of  the  electronics  involved 
in  the  instruments.  It  is  not  sufficient  to  incorporate  some  of  the  instruments 
into  the  physical  chemistry  laboratory,  because  the  approach  there  is  not  to 
the  applications  in  analyses  and  the  limitations  encountered  in  analytical  ap¬ 
plications. 

A  majority  of  the  schools  (61%  overall,  68%  ACS)  teach  a  comprehensive 
instruments  course  at  the  junior  or  senior  level.  Essentially  all  the  schools 
teaching  undergraduate  chemistry  courses  cover  instruments  in  either  a  com¬ 
prehensive  instruments  course,  a  modern  quantitative  analysis  course,  spec¬ 
ialized  instruments  courses,  or  some  combination  of  these.  Again  noting  the 
ACS  accredited  schools  in  Table  2,  the  trend  appears  to  be  toward  specialized 
instruments  courses  (23%  ACS  versus  14%  overall). 

This  study  proposes  3  trends  regarding  undergraduate  chemistry  curricula 
in  Texas:  (1)  The  elimination  of  qualitative  analysis  from  the  curriculum,  (2) 
the  incorporation  of  quantitative  analysis  into  the  freshman  course,  and  (3) 
the  addition  of  specialized  instruments  courses  to  the  curriculum. 
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WEIGHT  REGIMES  IN  THE  TORTOISE  GOPHERUS  BE RL ANDIE RI-  Sev¬ 
eral  reports  have  appeared  concerning  studies  of  weight  in  chelonians,  both  with  regard 
to  water  loss  over  time  (Bogert  and  Cowles,  1947,  Bently  and  S chmidt-N ielsen ,  1966, 
Schmidt-Nielsen  and  Bentley,  1966,  Ernst,  1968)  and  cumulative  weight  gain  over  sev¬ 
eral  years  (Townsend,  1931),  but  no  study  of  day-to-day  weight  effects  in  active,  well- 
fed  turtles  has  been  presented.  This  paper  presents  preliminary  investigations  of  the 
weight  regimes  of  active  land  turtles,  the  bulk  of  data  being  from  studies  of  Gopherus 
berlandieri  under  laboratory  conditions. 

Schmidt-Nielsen  and  Bentley  (1966)  and  Bentley  and  Schmidt-Nielsen  (1966)  have 
shown  that  a  weight  loss  in  Gopherus  agassizi,  as  in  other  reptiles,  results  from  water  loss 
by  cutaneous  and  respiratory  routes.  It  would  be  a  reasonable  assumption  that  such  is 
the  method  of  weight  loss  in  Gopherus  berlandieri  as  well. 

A  vegetarian,  Gopherus  berlandieri  is  most  commonly  observed  to  be  a  crepuscular 
forager.  Although  these  tortoises  often  feed  upon  dried  vegetation  in  nature,  several 
types  of  food  are  readily  accepted.  Two  categories  of  food  were  utilized:  high-water- 
content  food  and  succulent  grasses.  Differences  between  the  2  types  were  realized  with 
respect  to  excretion.  If  high-water-content  food  was  the  diet,  a  large  amount  of  liquid 
was  excreted,  whereas  moist,  solid  excretion  was  passed  following  a  diet  of  succulent 
grasses.  Such  solid  excreta  had,  however,  observably  higher  moisture  content  than  did 
that  of  field-observed  tortoises. 

On  cool  days  during  the  activity  period,  the  tortoises  often  did  not  emerge.  Prior  to 
winter  dormancy,  the  feeding  periods  became  less  regular  than  the  almost  daily  summer 
activity,  with  eating  on  only  a  few  scattered  days.  On  the  last  day  of  feeding  prior  to 
winter  dormancy,  there  was  regularly  less  excretion.  No  excretion  was  observed  there¬ 
after.  Likewise,  after  the  first  post-dormancy  feeding,  there  was  no  excretion,  so  that 
after  3  or  4  foraging  periods  the  tortoises  regained  pre-dormancy  weights. 

Weights  were  taken  with  dec-o-gram  balance  scales,  tabulated  to  the  nearest  0.1  gram. 
During  the  activity  period,  the  animals  were  weighed  immediately  before  and  after  each 
feeding,  but  only  monthly  during  winter  dormancy.  Food  (except  grasses)  and  excreta 
weights  were  checked  against  the  weight  data. 

During  activity  seasons,  gradual  weight  gain  over  time  was  in  inverse  proportion  to 
size  (Table  1).  The  small  tortoise  showed  daily  weight  increase  of  1.15%  body  weight 
(BW),  while  for  the  largest,  the  increase  was  as  little  as  0.13%BW.  Immediately  before 
and  after  winter  dormancy,  weight  gains  are  abrupt  because  of  the  tendency  not  to 
excrete. 

Weight  gains  are  partly  offset  by  between  feeding  weight  losses.  The  values  are  similar 
to  those  reported  by  Schmidt-Nielsen  and  Bentley  (1966)  for  Gopherus  agassizi,  but  not 
nearly  so  steep  in  gradient  as  what  Ernst  (1968)  shows  for  either  species  under  stressful 
conditions.  Between-feeding  weight  losses  were  less  than  0.5%BW  per  day  for  all  of  the 
Gopherus.  The  effective  food  intake  values  during  activity  seasons  were  1.62%BW  for 
a  small  tortoise,  but  as  low  as  0.48%BW  for  a  large  tortoise,  respiratory  utilization  of 
effective  intake  being  as  low  as  0.29%  for  the  small  animal  to  as  high  as  0.6%  for  the 
larger.  Over  2  seasons,  an  850+g.  tortoise  had  markedly  higher  respiratory  utilization/BW 
values  than  did  a  600g  tortoise  (0.32-0.37%BW,  compared  to  0.21%BW). 

Overwinter  dormancy  weight  losses  were  conservative,  and,  presumably,  could  be 
continued  for  more  extensive  periods.  All  values  were  less  than  0.1%BW  (Table  2). 
Again,  the  largest  tortoise  lost  higher  BW  percentage  during  dormancy  than  did  the 
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Table  1 

Weight  aspects  of  Gopherus  berlandieri  during  activity  seasons 


weight  range 

estimated  age 

mean  daily 
weight  gain 

%BWgain  mean  24  hr 

weight  loss 

%BW  loss 

200g 

6  yr 

2.3  g/d 

1.15%  0.94  g/d 

0.47% 

500g 

9  yr 

2.8  g/d 

0.56%  1.12  g/d 

0.21% 

860g 

10  yr 

1.4  g/d 

0.16%  2.80  g/d 

0.32% 

875g 

11  yr 

1.1  g/d 

0.13%  3.30  g/d 

0.37% 

Table  2 

Weight  aspects  of  turtles  during  dormancy  seasons 

weight  ranged 

mean  daily 

Species 

at  outset 

weight  loss 

%BW  loss 

300g 

0.176  g/d 

0.059% 

Gopherus  berlandieri 

600g 

0.365  g/d 

0.053% 

85  Og 

0.645  g/d 

0.076% 

130g 

0.113  g/d 

0.086% 

Terrapene  omata 

19  5 g 

0.131  g/d 

0.073% 

440g 

0.238  g/d 

0.049% 

Terrapene  Carolina 

120g 

0.176  g/d 

0.133% 

smaller  tortoises. 

Mean  daily  weight  loss  for  all  tortoises  was  markedly  less  during  dormancy  than  in 
the  activity  seasons.  The  values  of  dormancy  daily  weight  loss/activity  daily  weight  loss 
were  12.6%  for  the  small  animal,  25.2%  for  the  medium-sized  tortoise,  and  23.7%  for 
the  largest  animal.  But  the  daily  BW%  loss  was  higher  for  the  small  tortoise  than  it  was 
for  the  medium-sized  animal.  Daily  weight  loss  is,  thus,  effected  seasonally.  That  such 
loss  during  dormancy  periods  is  not  constant  is  clear  from  the  observations  that  early 
winter  weight  loss  was  greater  than  later,  perhaps  because  of  utilization  of  different 
energy  reserves. 

Comparable  data  are  presented  for  5  Terrapene  during  dormancy  (Table  2).  In  these 
animals,  %BW  loss  clearly  differs  according  to  size.  There  is  also  a  possible  habitat  re¬ 
lated  influence,  the  %BW  loss  increasing  from  xeric  to  mesic  associated  species,  as  Ernst 
(1968)  concluded. 

Weight  regimes  of  active,  unstressed  captive  land  turtles  are  conservative  and  regular, 
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with  weight  loss  not  reaching  critical  levels  for  prolonged  periods.  Other  factors  observed 
but  not  investigated  here,  can  modify  the  weight  regime,  and  are  probably  similar  to 
certain  situations  encountered  in  the  natural  habitat  (i.e.  the  gain  of  weight  in  slightly 
moistened  hibernacula).  In  the  final  analysis,  all  factors  influencing  respiratory  and  cu¬ 
taneous  water  loss  (= weight  loss)  must  be  considered  in  order  to  understand  this  aspect 
of  the  life  history  of  land  turtles. 
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CHORUS  MAINTENANCE  IN  BREEDING  POPULATIONS  OF  THE  RAN  A 
PIPIENS  COMPLEX— It  has  been  noted  that  calls  of  one  anuran  may  stimulate 
calling  in  conspecific  males  (Goin,  1949;  Anderson,  1954).  Indeed  various  extraneous 
sounds  such  as  the  noise  of  automobiles,  aeroplanes  etc;  may  induce  chorusing  (Bogert, 
1960;  Foster,  1967).  The  purpose  of  the  present  report  is  to  describe  experiments  used 
to  investigate  mutual  vocal  stimulation  in  members  of  the  Rana  pipiens  complex. 

The  experiments  were  performed  at  Ottine  (29°35*N,  97°34,\V),  Texas,  where  there 
is  a  mixed  population  of  Rana  sphenocephala  and  R.  berlandieri  (nomenclature  sensu 
Mecham,  et  al.,  1973).  A  tape  recording  of  a  local  mixed  chorus  of  the  2  species  was  am¬ 
plified  through  2  12.5  cm  loudspeakers  at  night  to  a  population  of  frogs  around  a  pond. 
The  sound  level  was  adjusted  subjectively  so  that  the  volume  25  m  from  the  loudspeaker 
was  equivalent  to  that  of  a  natural  chorus.  A  2nd  tape  recorder  was  used  to  record  the 
vocal  reactions  of  single  members  of  the  population  at  about  25  m  from  the  loudspeak¬ 
ers.  After  an  initial  control  period  of  about  2.5  min,  the  loudspeakers  were  turned  on  for 
approximately  one  min  in  each  2.5  min.  The  responses  of  10  male  frogs  (8  R.  sphenoce¬ 
phala  and  2  R.  berlandieri )  were  determined  during  an  average  of  17  min  each.  Each  re¬ 
sult  followed  a  similar  pattern  (Table  1).  While  the  chorus  was  being  broadcast  the  call 
rate  of  all  10  frogs  increased.  In  the  following  minute  it  usually  decreased  slightly  but 
still  remained  higher  than  the  initial  rate.  Subsequently  the  call  rate  decreased  to  a  level 
approximating  the  original  level.  When  calling  was  not  vigorous  initially  (e.g.  frogs  1 ,  3  & 
7,  Table  1)  the  stimulatory  effect  was  evident  mainly  while  the  chorus  was  being  broad¬ 
cast.  The  distribution  of  calling  in  the  4  periods  shown  in  Table  1  differs  significantly 
from  a  random  distribution  (p<0.001),  and  the  pattern  of  calling  strongly  suggests  that 
there  is  mutual  call  stimulation. 
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Table  1 

Call  repetition  rates  (calls  per  minute)  in  10  frogs  before, 
during  and  after  broadcasting  a  tape  recording  of  a  mixed  chorus  of 
R.  sphenocephala  and  R.  herlandieri 


Period  before 

sound  stimulus 
turned  on  at 
start  of  trial 

During 
broadcast 
of  sound 
stimulus 

One  minute 
after  end 
of  broad¬ 
cast 

Subsequent 
period  before 
broadcast 
was  resumed 

R.  berlandieri 

0 

4.8 

1.0 

0 

3.4 

7.7 

9.2 

3.0 

R.  sphenocephala 

1.8 

6.5 

2.3 

0 

2.6 

3.9 

4.0 

2.0 

2.6 

6.5 

6.0 

3.0 

2.5 

4.2 

6.0 

2.9 

1.6 

6.2 

4.6 

1.3 

2.7 

5.3 

3.6 

2.2 

2.6 

4.2 

3.9 

2.9 

2.6 

5.2 

4.7 

2.9 

Total  time  in 

24.3 

65.2 

64.8 

20.0 

each  period  (mins) 

Total  no.  of  calls 

62 

346 

304 

46 

Mean  call  rate 

2.5 

5.3 

4.7 

2.3 

Females  of  the  Rana  pipiens  complex  probably  spend  only  a  few  days  at  the  breed¬ 
ing  site  and  there  is  no  evidence  for  pre-breeding  congregation  of  females,  as  well  as 
males,  as  reported  for  some  ranids  (Savage,  1961).  Only  17%  of  417  frogs  captured  in 
the  Ottine  pond  population  were  female.  Furthermore  the  mean  interval  between  suc¬ 
cessive  captures  of  6  tagged  females  was  3.5  days  in  contrast  to  9.7  days  for  132  recap¬ 
tured  males;  most  of  the  females  (73%)  were  not  recaptured.  Dole  (1965)  has  shown  that 
members  of  the  Rana  pipiens  complex  travel  considerable  distances  from  water  and  fe¬ 
males,  in  particular,  are  therefore  likely  to  be  scattered  away  from  the  breeding  sites  in 
a  variety  of  microhabitats  at  the  start  of  the  breeding  season.  There  is  evidence  (Oldham, 
1969)  that  microclimatic  conditions  near  anuran  breeding  sites  may  be  highly  variable. 
He  detected  a  difference  of  4Vi  C  in  the  ground  level  air  temperature  in  2  Bufo  ameri- 
canus  breeding  sites  less  than  3  km  apart.  This  difference  was  correlated  with  differences 
of  up  to  2  weeks  in  the  breeding  date  at  each  site.  If,  as  is  likely,  similar  microclimatic 
differences  pertain  in  Rana  pipiens  habitats  there  may  be  a  situation  at  the  start  of  the 
breeding  season  in  which  females  are  scattered  over  a  wide  area  and  subject  to  different 
environmental  stimulation  with  respect  to  the  reproductive  cycle.  Female  response  to  a 
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common  chorus  might  help  to  override  these  differences.  There  is  in  fact  some  evidence 
(Oldham,  MS)  that  Rana  berlandieri  may  be  induced  to  ovulate  as  a  result  of  exposure  to 
a  conspecific  male  chorus.  At  the  same  time  the  existence  of  a  loud  chorus  may  help  in 
orienting  females  to  the  breeding  site  as  in  some  other  ranids  (Oldham,  1967).  Thus  at 
the  start  of  the  breeding  season  the  chorus,  as  distinct  from  individual  male  vocaliza¬ 
tion,  may  have  several  roles;  guidance  of  females  towards  the  breeding  site,  synchroni¬ 
zation  of  the  reproductive  rhythms  of  the  sexes  and  induction  of  ovulation.  If  so  there  is 
clear  survival  value  in  maintaining  a  strong  chorus  by  mutual  vocal  stimulation  under 
those  climatic  conditions  that  are  suitable  for  breeding  and  subsequent  tadpole  survival. 
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REFLECTION  COEFFICIENTS  AND  THEIR  DERIVATIVES 

by  ETHEL  WARD  McLEMORE 

Geophysicist ,  11625  Wander  Lane,  Dallas  75230 

and  IRA  L.  WRIGHT 

Consulting  Systems  Representative,  IBM 
2911  Cedar  Springs  Road,  Dallas  75219 

ABSTRACT 


Development  of  the  reflection  coefficients  and  their  derivatives  of  the  compressional 
and  shear  waves  produced  by  the  reflection  of  a  plane  compressional  wave  on  a  free  sur¬ 
face  is  presented.  Numerical  solutions  and  curves  representing  their  variations  with  vari¬ 
ation  of  the  angle  of  incidence  are  produced  by  use  of  a  FORTRAN  IV  program  for  the 
computer  and  the  plotter. 

Many  investigators  of  the  principles  of  acoustics,  such  as  physicists  and 
seismologists,  use  what  we  call  reflection  coefficients  in  their  studies  of  po¬ 
tential  energy  expressed  in  wave  functions.  The  purpose  of  this  study  is  to 
make  available  in  simple  algebraic  form  the  reflection  coefficients  and  their 
derivatives  of  waves  reflected  from  a  free  surface,  together  with  a  FORTRAN 
IV  program  designed  to  compute  and  map  curves  representing  all  possible 
values  of  the  functions.  The  program  can  be  adapted  easily  to  other  algebraic 
functions. 

Consider  the  reflection  of  a  plane  compressional  wave  on  a  free  surface 
which  bounds  an  isotropic,  homogeneous,  perfectly  elastic  medium  occupy¬ 
ing  a  half-space;  for  example,  an  earthquake,  or  a  shot  of  dynamite  in  a  hole 
in  the  ground.  We  assume  that  most  of  the  energy  is  reflected  in  the  form  of 
2  waves,  a  reflected  compressional  wave  and  a  reflected  shear  wave.  For  a 
precise  definition  possible  surface  waves  should  be  included  (Dix  et  al., 
1945).  Our  assumption  of  a  homogeneous,  perfectly  elastic  medium,  pro¬ 
duces  only  a  very  good  first  approximation  of  the  values  of  the  coeffiicients. 

We  denote  the  angle  of  incidence,  I,  as  the  angle  between  the  normal  and 
the  free  surface  plane  (Figure  1),  and  as  equal  to  the  angle  of  reflection  of  the 
reflected  compressional  wave.  The  angle  of  reflection  of  the  reflected  shear 
wave,  j3,  is  related  to  I,  according  to  Snell’s  Law  (Officer,  1958),  in  the  fol¬ 
lowing  manner: 


The  Texas  Journal  of  Science,  Vol.  XXVII,  No.  3,  September,  1976. 


332 


SinI  =  Sin/3  , 
Vc  Vs 


THE  TEXAS  JOURNAL  OF  SCIENCE 


Where  Vc  is  the  velocity  of  the  reflected  compressional  wave,  Vs  is  the  velo¬ 
city  of  the  reflected  shear  wave,  and  Vc  is  always  greater  than  Vs. 

We  set  A1 ,  A2,  and  B2  as  the  amplitudes  of  the  incident  compressional,  re¬ 
flected  compressional,  and  reflected  shear  waves,  respectively. 

The  boundary  conditions  require  that  the  stress  components  vanish  at  the 
boundary  (Dix  et  al.,  1945,  and  Bullen,  1963).  Using  the  conditions  of  con¬ 
tinuity  of  normal  stress  for  plane  waves  at  a  free  surface  (Jeffreys,  1959),  we 
get 

(1)  Cos2j8Al  +  Cos2j3A2  +  Sin2j3B2  =  0; 

and  the  conditions  of  continuity  of  tangential  stress, 

(2)  2Sin2j3CosIAl  -  2Sin2j3CosIA2  +  SinICos2j3B2  =  0. 

We  define  the  reflection  coefficient  of  the  reflected  compressional  wave  as 


Figure  1.  Reflection  of  a  plane  compressional  wave  on  a  free  surface. 
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the  ratio  of  the  reflected  compressional  wave  amplitude  to  the  incident  wave 
amplitude  and  set  A2/A1  =  H(I).  We  define  the  reflection  coefficient  of  the 
reflected  shear  wave  as  the  ratio  of  the  reflected  shear  wave  amplitude  to  the 
incident  wave  amplitude  and  set  B2/A1  =  G(I). 

Solving  equations  (1)  and  (2)  for  the  reflection  coefficients,  we  get 

(3)  H(I)  -  4Sin3j3Cosj3CosI  —  SinICos22/3  ,  and 

4Sin3j3Cosj3CosI  +  SinICos22/3 

(4)  G(I)  =  — 4Sin2/3Cos2/3CosI 

4Sin3/3Cos/3CosI  +  SinICos22/3 

The  coefficient  H(I)  was  developed  by  Dix  et  al.,  in  1945,  G(I)  by  the  au¬ 
thors  in  1962,  and  both  coefficients  by  Bullen  and  Burridge  in  1963. 

To  develop  the  derivatives  of  the  coefficients,  that  is,  the  variation  of  the 
values  of  the  functions  as  the  incident  angle,  I,  varies,  we  set 

SinI  =  A  and  the  ratio  Vs/Vc  =  1/a.  Then,  Sin/3  =  A/a, 

Cos/3  =  (1  -A2 /a2/2  ,  Cos2/3  =  (1  -2A2/a2),  and  CosI  =  (1  -  A2/2; 
4Sin3/3Cos/3CosI  =  4(A3/a3)  (1  —  A2/a2)^(l  —  A2)^,  which  we  set  equal  to 
M, 

SinICos22/3  =  A(1  —  2A2/a2)2 ,  which  we  set  equal  to  N;  and 
4Sin2/3Cos2/3CosI  =  4(A2/a2)  (1  —  2A2/a2)  (1  -  A2 )^,  which  we  set  equal 
to  Ml. 

The  derivative  of  the  compressional  reflection  coefficient  with  respect  to  I 

becomes 

dH(I)/dI  =  (dH(I)/dA)  .  dA/dl  =  (dH(I)/dA)  .  CosI, 
and  the  derivative  of  the  shear  reflection  coefficient  with  respect  to  I 

becomes 

dG(I)/dI  =  (dG(I)dA) .  dA/dl  =  (dG(I)/dA)  .  CosI. 

Using  the  values  of  M,  N,  and  M 1 , 

dH(I)/dA  =  d(  (M— N)/(M+N)  )/dA  =  -2(M(dN/dA)  -  N(dM/dA)  )/M+N)2 , 

and 

dG(I)/dA  =  (-(M  +  N)dMl/dA  +  Ml(dM/dA  +  dN/dA)  )/(M  +  N)2 . 

Performing  the  differentiation  and  substituting  the  original  terms,  we  get 

(5)  dH(I)/dI  = 

(8Sin3  /3Cos2/3)(2Cos2  /3Cos2 1(  1  +2Sin2 /3)— Cos2/3(Sin2  /3Cos2 1+Sin2  ICos2  (3)) 
-  — ,  —  -  .  ^ 

Cos/3  (4Sin30Cos/3CosI  +  SinICos2  2/3)2 


and 
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(6)  dG(I)/dI  =  4Sin2 fl(4Sin3  ffCos3 1— SinICos2  2j8Cosj3(Cos2I+2Sin2  (3)  )  . 

SinICosj3  (4Sin3j3Cosj3CosI  +  SinICos2  2j3)2 

The  4  functions  expressed  in  equations  (3),  (4),  (5),  and  (6)  are  depen¬ 
dent  on  the  incident  angle  I  and  the  ratio  Vs/Vc,  as  the  angle  beta  itself  is  de¬ 
pendent  on  I  and  Vs/Vc.  In  turn,  the  admissable  values  of  the  ratio  Vs/Vc  are 
dependent  on  what  we  call  Poisson’s  Ratio,  defined  as  the  ratio  of  the  lateral 
contraction  to  extension  of  length,  in  any  study  of  stress  and  strain  caused  by 
shock  waves.  Poisson’s  Ratio,  which  we  designate  as  sigma,  o,  is  related  to  the 
velocities  of  the  compressional  and  shear  waves  in  the  following  way: 

a  =  (1  -  2(Vs/Vc)2)/(2  -  2(Vs/Vc)2), 

Vs/Vc  =  (  (1  -  2a)/(2  -  2  a)  )A , 

Vc/Vs  =  (  (2  -  2a)/(l  -  2a)  )Vl. 

When  sigma  is  zero  there  is  no  lateral  contraction,  Vs/Vc  =  Q/iy  and  Vc/Vs  = 
(2)^.  When  sigma  is  equal  to  0.5  there  is  no  volume  change  due  to  stress  and 
strain,  Vs/Vc  =  0  and  Vc/Vs  = 00  (Gutenberg,  1959).  Consequently,  the  values 
of  the  parameter  Vs/Vc  contained  in  our  functions  fall  between  0  and 
0.7071.  In  Table  1  we  have  listed  the  numerical  relations  between  sigma  and 
the  2  velocity  ratios,  including  the  value  of  sigma  cited  in  Dix  et  al  (1945) 
for  a  possible  Raleigh  wave.  These  are  the  values  used  in  the  computation  of 
the  curves  included.  Most  students  use  the  value  of  sigma  as  0.25  for  liquids 
and  for  the  earth’s  mantle,  assuming  a  perfectly  elastic  and  homogeneous 
medium. 

The  angle  I  varies  from  zero  to  90°  (Fig.  1).  When  angle  I  is  zero,  all  4 
functions  are  of  the  indeterminate  form  0/0.  When  angle  I  is  90°, 

H(I)  =  — Cos2j3/Cos2j3  =  -1, 

G(I)  =  0, 

dH(I)/dI  =  — 8Sin3j3Cosj3/Cos22j3, 

dG(I)/dI  =  4Sin2j3/Cos2j3. 

As  sigma  varies  from  zero  to  0.5,  H(I)  varies  from  indeterminate,  or  —1 ,  to 
+1,  to  —1,  there  being  a  discontinuity  at  90°;  dH(I)/dI  varies  from  indeter¬ 
minate,  or  zero,  to  2.5+,  to  negative  infinity  (Figs.  2  and  3).  As  sigma  varies 
from  zero  to  0.5,  G(I)  varies  from  indeterminate,  or  0,  to  about  —  1 ,  to  zero; 
dG(I)/dI  varies  from  indeterminate,  or  —2,  to  positive  infinity  (Figs.  4  and  5). 
In  the  numerical  computations  and  plotting,  we  did  not  use  the  limiting 
values  of  the  2  parameters  sigma  and  Vs/Vc. 
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Table  1 

The  numerical  relations  between  Poisson’s  Ratio  and  the  2  velocity  ratios. 


o 

Vs/Vc 

Vc/Vs 

0 

0.7071 

1.4142 

0.05 

0.6882 

1.4531 

0.10 

0.6667 

1.5000 

0.15 

0.6417 

1.5584 

0.20 

0.6124 

1.6330 

0.25 

0.5773 

1.7321 

0.2631 

0.5691 

1.7636 

0.30 

0.5345 

1.8708 

0.35 

0.4804 

2.0817 

0.40 

0.4082 

2.4495 

0.45 

0.3015 

3.3166 

0.49 

0.1400 

7.1414 

0.499 

0.0447 

22.2830 

0.50 

0.0000 

oo 

FORTRAN  IV  PROGRAM  FOR  NUMERICAL  SOLUTIONS  AND  MAPPING 

The  calculation  is  written  using  a  floating  point  method  in  order  to  control 
the  wide  range  of  values  involved  in  the  solution.  The  floating  point  method 
is  a  way  of  representing  all  variables  in  a  two-part  form:  the  mantissa,  which 
is  less  than  one  and  greater  than  or  equal  to  1  /  10th;  and  the  exponent,  which 
is  the  power  of  10  required  to  retain  the  true  number.  For  example,  the 
number  123.56  in  a  floating  form  has  a  mantissa  of  .12356  and  an  exponent 
of  3. 

There  are  5  sections  in  the  program. 

Section  I: 

DIMENSION  is  used  to  indicate  a  quantity  of  numbers  that  are  represented 
by  each  set  of  letter  characters.  Thus,  the  variable  FID  represents  1000 
values,  the  variable  LHI  represents  13  values,  etcetera. 

READ  statements  are  used  to  bring  initialization  control  into  the  program. 
They  bring  both  initial  data  and  plotting  control  data  into  the  program.  The 
statements  of  the  program  are  for  both  arithmetic  and  control  purposes. 
Arithmetic  statements  are  very  near  an  algebraic  form  and  control  statements 
are  used  to  order  and  print  the  calculations. 

Operators  are: 

=  for  assignment 
+  for  addition 
—  for  subtraction 
*  for  multiplication 
/  for  division 
**  for  exponential 
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COMPRESSIONS 


Figure  2.  Variation  of  the  reflection  coefficient  of  the  reflected  compressional  wave 
with  the  incident  angle  and  the  parameter  sigma. 
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REFLECTION  COEFFICIENT  DERIVATIVE  -  COMPRESS  I DNAL 


Figure  3.  Variation  of  the  derivative  of  the  reflection  coefficient  of  the  reflected 
compressional  wave  with  the  incident  angle  and  the  parameter  sigma. 

The  solutions  are  printed  in  the  form  of  tables.  The  tables  are  transformed 
into  curves  by  plotting  routines.  The  plotting  routines  take  a  discreet  set  of 
points  and  transform  them  into  plot  commands  for  a  Calcom  plotter.  The 
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REFLECTION  COEFFICIENT  -  SHEAR 


Figure  4.  Variation  of  the  reflection  coefficient  of  the  reflected  shear  wave  with  the 
incident  angle  and  the  parameter  sigma. 

plot  commands  are  written  on  magnetic  tape.  The  tape  is  read  by  the  plotter 
which  does  the  actual  line  drawing.  The  finished  curves  are  not  so  smooth  as 
one  would  do  drawing  by  hand.  They  could,  of  course,  be  made  smoother  by 
doubling  or  tripling  the  number  of  values  of  the  functions  computed. 
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Figure  5.  Variation  of  the  derivative  of  the  reflection  coefficient  of  the  reflected 
shear  wave  with  the  incident  angle  and  the  parameter  sigma. 

Section  II 

This  part  of  the  code  scales  the  tables  for  suitable  use  by  the  plot  routines. 
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Section  III: 

The  routine  called  ORIGIN  causes  the  line  drawing  to  begin  at  a  predeter¬ 
mined  point  on  the  plot  paper.  The  routine  called  LINE  causes  a  curve  to  be 
drawn  using  a  table  of  supplied  XY  coordinates. 

Section  IV: 

This  part  of  the  program  is  used  to  save  certain  points  on  the  curves  drawn 
for  labeling  purposes. 

Section  V: 

The  routine  FRAM  is  a  multi-routine  which  draws  an  SVl  x  11  in  rectangle 
around  a  set  of  curves,  draws  the  X  and  Y  axes,  scales  the  axes  and  labels  the 
rectangle.  The  routine  LETTER  is  used  for  labeling  purposes.  The  routine 
DASH  draws  dash  lines  for  pointing  from  labels  to  curves.  ENDPLT  and 
TIMPLT  routines  close  out  the  plot  and  produce  a  time  in  minutes  it  will  take 
CALCOMP  plotter  to  plot  the  curves  from  the  magnetic  tape. 

The  plotting  accuracy  is  shown  by  the  fact  that  the  framing,  axes  and 
labels  are  added  after  all  the  curves  are  drawn  (Figs.  2,3,4,  5).  This  reposi¬ 
tioning  capability  is  normally  considered  one  of  the  most  difficult  plotting  re¬ 
quirements.  An  example  of  the  plotting  accuracy  is  shown  in  Figure  2  where 
SIGMA  =  0.2631  and  I  —  68  degrees,  51  minutes,  44  seconds,  11(1)  =  0,  as 
is  shown  in  the  plot.  We  did  not  ask  the  computer  to  plot  the  points  for 
SIGMA  =  zero,  nor  to  compute  and  plot  the  points  for  SIGMA  =  0.50.  Be¬ 
cause  of  the  discontinuity  at  90°,  we  did  not  ask  for  computations  at  90°. 

SECTION  I: 

DIMENSION  FID  (1000),  HI(1000),  DHI(1000),  GI(1000), 

IDGI(1000),  AG(1000) 

DIMENSION  AR(5000),  LHI(13),  LGI(13),  LDHI(13),  LDGI(13) 

READ(1 ,6)  LHI 

READ(1 ,6)  LGI 

READ(1 ,6)  LDHI 

READ(1,6)  LDGI 

6  FORMATQ3A4) 

CALL  PLOTS(AR,  5000,1 .0) 

This  is  a  Fortran  Program  for  computing  the  reflection  coefficients  and  their 
derivatives  for  a  plane  compressional  wave  incident  on  a  free  surface,  for  all 
possible  values  of  Poisson’s  Ratio  and  the  incident  angle.  SIGMA  is  Poisson’s 
Ratio.  A  is  the  ratio  of  the  compressional  wave  velocity  to  the  shear  wave 
velocity.  FID  is  incident  angle  in  degrees,  printed  as  I. 


1 

5 


READ(1,5,END=100)  A 
FORMAT(F7.4) 
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SIGMA  =  (A**2— 2.)/(2.*A**2— 2.) 

AG(1)  =  0.0698 
DO  60  K=l,22 
SNI  =  SIN(AG(K) ) 

CSI  =  SQRT(1 .— SNI**2) 

SNB  =  SNI/A 

CSB  =  SQRT(1  .-SNB**2) 

CS2I  =  1 .— 2.*SNI  **2 

CS2B  =  1— 2.*SNB**2 

FN  =  4.*SNB**3*CSB*CSI  -  SNI*CS2B**2 

FD  =  4.*SNB**3*CSB*CSI  +  SNI*CS2B**2 

HI(K)  =  FN/FD 

DHI(K)  =  (8  *SNB**3*CS2B*(2.*CSB**2*CSI**2*(1.+2.*SNB**2)- 
ICS2B*(SNB**2*CSI**2+SNI**2*CSB**2)  )  )/(CSB*FD**2) 

GI(K)  =  (-4.*SNB**2*CS2B*CSI)/FD 

DGI(K)  =  4.*SNB**2*(4.*SNB**3*CSI**3— SNI*CS2B**2*CSB* 
1(CS2I+2.*SNB**2) )/  (SNI*CSB*FD**2) 

FI  =  ARSIN(SNI) 

FID(K)  =  FI*57.29578 
AG(K+1)  =  AG(K)  +  0.0698 
60  CONTINUE 

WRITE  (3,10) 

10  FORMAT  (1H1 ,  15X,  39HREFLECTION  COEFFICIENTS  AND 
DERIVATIVES) 

WRITE  (3,  15)  SIGMA, A 

15  FORMAT  (1HO,  5X,  6HSIGMA  =  F6.4,  5X,  2HA  =  F7.4) 

WRITE  (3,20) 

20  FORMAT  (1  HO,  20X,  ‘COMPRESSIONAL’,  1 6X,  ‘SHEAR’) 

WRITE  (3,25) 

25  FORMAT  (6X,  T,  15X,  ‘HI’,  8X,  ‘DHI’,  13X,  ‘GI’,  7X,  ‘DGI’) 
WRITE  (3,30)  (FID(K),  HI(K),  DHI(K),  GI(K),  DGI(K),  K=l,22) 

30  FORMAT  (4X,  F5.2,  1 1 X,  F5.2,  3X,  El  1.4,  6X,  F5.2,  3X,  El  1.4) 

SECTION  II: 

DO  40  K=  1,22 
FID(K)=F  ID(K)/20 . 

HI(K)  =  HI(K)*2. 

GI(K)  =  GI(K)*2. 

DGI  (K)=DG  I  (K)  *  2 . 

DHI(K)=DHI(K)/2 . 

40  CONTINUE 

SECTION  III: 

CALL  ORIGIN(2.,8.) 
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CALL  LINE(FID,  DHI,  22,1 ,0,0) 

CALL  ORIGIN(0.,8.5) 

CALL  L1NE(FID,  HI, 22,1 ,0,0) 

CALL  ORIGIN(8 .5,0.) 

CALL  LINE(FID,  Gl,22,l  ,0,0) 

CALL  ORIGIN(0.,— 12.0) 

CALL  LINE(FID,  DGI,  22,1 ,0,0) 

CALL  ORIGIN(— 10.5,— 4.5) 

SECTION  IV: 

IF  (SIGMA.GT..09.AND.SIGMA.LT..1 1)  GO  TO  200 
IF  (SIGMA.GT..26.  AND.  SIGMA.LT..27)  GO  TO  210 
IF  (SIGMA.GT.. 48 .AND.SIGMA.LT. .50)  GO  TO  220 
GO  TO  1 

200  AX10-FID(5) 

BX10=FID(16) 

CX10=FID(10) 

AYDG 1 0=DGI(5) 

BYDG 1 0=DGI(  1 6) 

X10=FID(13) 

YH10=HI(13) 

YDH10=DHI(13) 

YG10=GI(10) 

GOTO  1 

210  AX26=FID(5) 

BX26=FID(16) 

CX26=FID(10) 

AYDG26=DGI(5) 

BYDG26=DGI(16) 

X26=FID(13) 

YH26=HI(13) 

YDH26=DHI(1 3) 

YG26=GI(10) 

GO  TO  1 

220  AX49=FID(5) 

BX49=FID(16) 

AYDG49=DGI(5) 

BYDG49=DGI(  1 6) 

X49=FID(13) 

YH49=HI(13) 

YDH49=DHI(13) 

YG49=GI(13) 

GO  TO  1 

100  CONTINUE 
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SECTION  V: 

CALL  FR  AM  (2  .,8 .0,8. 5,1 1  „LDHI,52,0.) 

CALL  LETTER  (-0.5,1 ,0,.1250,’  2.0’ ,0.0, 4) 
CALL  LETTER  (.125,1 .0,-1250,’  D  H(I)’,.0,7) 
CALL  LETTER  (-0.5  -4.0, .1250, ’-8.0’, 0.0, 4) 
CALL  LETTER  (4.5 ,0.1  ,.1250, ’90  ’,0.0,3) 

CALL  LETTER  (4.5 , -.2,. 1250, T, 0.0,3) 

CALL  LETTER  (2.0, 1 .5 ,.1250,’  4  =  .10’, .0,8) 
CALL  DASH  (  X10,  YDHIO  ,.1250, .1250) 

CALL  LETTER  (3.0, 1.0, .1250,’  4  =  .2631’, .0,10) 
CALL  DASH  (X26,  YDH26  ,.1250, .1250) 

CALL  LETTER  (1.0,-0.5,1250,’  4  =  49’,0,8) 
CALL  DASH  (X49,  YDH49  ,1250,1250) 

CALL  FRAM  (2., 5 .5 ,8.5, 11.,  LHI,52,4.) 

CALL  LETTER  (-0.5,2.0,1250,’  1.0’ ,0.0 ,4) 
CALL  LETTER  (.125, 2.0,1250, ’H(I)’,0.0, 4) 
CALL  LETTER  (-0.5 ,-2.0, 1250, ’-1 . O’, 0.0, 4) 
CALL  LETTER  (4 .5 ,0.1, 1250, ’90  ’,0.0,3) 

CALL  LETTER  (4.5, -.2, 1250, ’I  ’,0.0,3) 

CALL  LETTER  (1.0, 2.0,1250,’  4  =.10’,0,8) 
CALL  DASH  (X10,YH10  ,1250,1250) 

CALL  LETTER  (2.5,2.0,1250,’  4  =.2631’„0,10) 
CALL  DASH  (X26,  YH26  ,.1250,1250) 

CALL  LETTER  (1.0, -2.5, 1250,’  4=  ,49’,0, 8) 
CALL  DASH  (X49,  YH49  ,1250,1250) 

CALL  FRAM  (2 .,4.5 ,8 .5,1 1  „LDG1,52,7.) 

CALL  LETTER  (-0.5,4.0,1250,’  2.0’ ,0.0, 4) 
CALL  LETTER  (.125,4.0,1250,’  D  G(I)\-0,7) 
CALL  LETTER  (-0.5 ,-4.0,1250, ’-2.0’, 0.0, 4) 
CALL  LETTER  (4.5,0.1,1250,  ’90  ’,0.0,3) 

CALL  LETTER  (4.5 ,-.2, 1250, ’I  ’,0.0,3) 

CALL  LETTER  (3.0-1 .5,1250,’  4  =10’, .0,8) 
CALL  DASH  (AX10,  AYDG10  ,1250,1250) 
CALL  LETTER  (2.0,-1.0,1250,’  4  =  2631’, .0,10) 
CALL  DASH  (AX26,  AYDG26  ,1250,1250) 
CALL  LETTER  (2.25,-0.5,1250,’  4  =  ,49’,0,8) 
CALL  DASH  (BX49,  BYDG49  ,1250,1250) 
CALL  LETTER  (2.0, 2.5,1250,’  4  =.10’, .0,8) 
CALL  DASH  (BX10,  BYDG10  ,1250,1250) 
CALL  LETTER  (1 .0, 2.0,1250,’  4  =  ,2631’,0,10) 
CALL  DASH  (BX26,  BYDG26  ,1250,1250) 
CALL  LETTER  (0.5, 0.5,1250,’  4  =  .49’,0,8) 
CALL  DASH  (AX49,  AYDG49  ,1250,1250) 
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CALL  FRAM  (2., 5 .5 ,8.5, 11.,  LGI,52,4.) 

CALL  LETTER  (-0.5 ,2.0, .1250,’  1.0’, 0.0, 4) 

CALL  LETTER  (.125 ,2.0, .1250,  ’G(I)’,0.0,4) 

CALL  LETTER  (-0.5  -2.0, .1250,-1 . 0*, 0.0, 4) 

CALL  LETTER  (4.5 ,0.1  ,.1250/90  ’,0.0,3) 

CALL  LETTER  (4.5  -.2, .1250,  ’I  ’,0.0,3) 

CALL  LETTER  (0.5  -2.0,.  1250,’  4  =  .10’, .0,8) 

CALL  DASH  (CX10,  YG10  ,.1250, .1250) 

CALL  LETTER  (.250,-1 .5 ,.1250,’  4  =  .2631’, .0,10) 

CALL  DASH  (CX26,YG26  ,.1250,.  1250) 

CALL  LETTER  (2.0,  0.5,. 1250,’  4  =  .49’, .0,8) 

CALL  DASH  (X49,  YG49  ,.1250, .1250) 

CALL  ENDPLT 
CALL  TIMPLT(A) 

WRITE  (6,50)  A 

50  FORMAT  (5X,’TIME  TO  PLOT=’,F10.2) 

END 

SUBROUTINE  FRAM  (XC,  YC,  XS,  YS,  LABEL,  N,  PLTFLG) 

C  XC,  YC  CENTER  OF  PLOT  PAGE 
C  XS,  YS  SIZE  OF  PLOT  PAGE 
C  LABEL  OF  N  CHARACTERS 
C  PLTFLG  CONTROL  FOR  1ST  TIME  =  0.0 

C  FOR  NEW  GRAPH  -  1 .0  (MOVE  IN  +X  DIRECTION) 

C  FOR  NEW  GRAPH  =  4.0  (MOVE  IN  +Y  DIRECTION) 

C  FOR  NEW  GRAPH  =  5 .0  (MOVE  IN  -Y  DIRECTION) 

C  FOR  NEW  GRAPH  -  6.0  (MOVE  IN+X  and  +Y  DIRECTION) 

C  FOR  NEW  GRAPH  -  7.0  (MOVE  IN+X  and  -Y  DIRECTION) 

DIMENSION  LABEL  (30) 

IF  (PLTFLG  .EQ.  1 .)  GO  TO  100 
IF  (PLTFLG  .EQ.  4.)  GO  TO  400 
IF  (PLTFLG  .EQ.  5.)  GO  TO  500 
IF  (PLTFLG  .EQ.  6.0)  GO  TO  600 
IF  (PLTFLG  .EQ.  7.0)  GO  TO  700 
IF  (PLTFLG  .NE.  0.)  GO  TO  1000 
GO  TO  32 

1 00  CALL  TO  ORIGIN  (  (XS-XP),  -YP) 

32  CONTINUE 

CALL  SQUARE  (0.0,XS  ,0.0 ,YS) 

XP  =  XC 
YP  =  YC 

CALL  ORIGIN  (XC,YC) 

CALL  PLOT  (0.0, (0.5— YC), 3) 

I  =  (YS  — 2.)*2.+l. 


REFLECTION  COEFFICIENTS 


345 


XL  =  .5— YC 
DO  20  IA=1,I 

CALL  SYMBOL  (0., XL, .0625, 14, 90.0, 2) 

20  XL-XL  +  .5 

CALL  PLOT  (  (1 .25— XC), 0.0, 3) 

I=(XS— 1.75)*2.+1. 

XL=1.00— XC 
DO  21  IA=1,I 

CALL  SYMBOL  (XL, 0., 0.625, 14, 00.0, 2) 

21  XL=XL  +  .5 
NB  =  N 
NA  =  60 

YL  =  YS-YC-.5 
K  =  1 

31  IF  (NB  .LE.  60)  NA  =  NB 
IF  (NB  .LE.  0)  GO  TO  1000 
NB  =  NB— 60 

CALL  LETTER  (  (.5-XC),YL,.125,LABEL(K),0.0,NA) 
K  =  K+ 1 5 
YL  =  YL-.1875 
GO  TO  31 

400  CALL  ORIGIN  (-XP,  YS-YP) 

GO  TO  32 

500  CALL  ORIGIN  (-XP,  -YS-YP) 

GO  TO  32 

600  CALL  ORIGIN  (  (XS-XP),  (YS-YP)  ) 

GO  TO  32 

700  CALL  ORIGIN  (  (+XS-XP),  (-YS-YP)  ) 

GO  TO  32 
1000  RETURN 
END 
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Reflection  Coefficients  and  Derivatives 
SIGMA  =  0.1500  A  =  1.5584 
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-0.06 

0.1495E  01 

-0.68 

0.2316E  00 

51.99 

0.04 

0.1383E  01 

-0.66 

0.3754E  00 

55.99 

0.13 

0.1231E  01 

-0.63 

0.4907E  00 

59.99 

0.21 

0.1037E  01 

-0.59 

0.5749E  00 

63.99 

0.27 

0.7935E  00 

-0.55 

0.6286E  00 

67.99 

0.32 

0.4840E  00 

-0.50 

0.6566E  00 

71.99 

0.34 

0.6671E-01 

-0.45 

0.6723E  00 

75.99 

0.32 

— 0.5584E  00 

-0.41 

0.705  2E  00 

79.98 

0.25 

— 0.1654E  01 

-0.35 

0.8290E  00 

83.98 

0.06 

-0.4049E  01 

-0.28 

0.1266E  01 

87.98 

-0.42 

-0.1147E  02 

-0.15 

0.3006E  01 
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Reflection  Coefficients  and  Derivatives 
SIGMA  =  0.2500  A  =  1.7321 


Compressional 

Shear 

I 

HI 

DHI 

GI 

DGI 

4.00 

-0.99 

0.2140E  00 

-0.09 

— 0.1318E  01 

8.00 

-.0.97 

0.4225E  00 

-0.18 

-0.1274E  01 

12.00 

-0.93 

0.6203E  00 

-0.27 

-0.1201E  01 

16.00 

-0.88 

0.8022E  00 

-0.35 

-0.1103E  01 

20.00 

-0.82 

0.9635E  00 

-0.42 

-0.9822E  00 

24.00 

-0.75 

0.1100E  01 

-0.49 

-0.8425E  00 

27.99 

-0.67 

0.1208E  01 

-0.54 

-0.6886E  00 

31.99 

-0.58 

0.1284E  01 

-0.58 

-0.5255E  00 

35.99 

-0.49 

0.1326E  01 

-0.61 

-0.3587E  00 

39.99 

-0.40 

0.1333E  01 

-0.63 

-0.1936E  00 

43.99 

-0.31 

0.1302E  01 

-0.64 

-0.3559E-01 

47.99 

-0.22 

0.1232E  01 

-0.64 

0.1104E  00 

51.99 

-0.13 

0.1123E  01 

-0.63 

0.2403E  00 

55.99 

-0.06 

0.9706E  00 

-0.61 

0.3517E  00 

59.99 

-0.00 

0.7703E  00 

-0.58 

0.4442E  00 

63.99 

0.04 

0.5109E  00 

-0.54 

0.5207E  00 

67.99 

0.07 

0.1705E  00 

-0.50 

0.5895E  00 

71.99 

0.07 

-0.2939E  00 

-0.46 

0.6678E  00 

75.99 

0.02 

-0.9691E  00 

-0.41 

0.7900E  00 

79.98 

-0.08 

— 0.2038E  01 

-0.35 

0.1027E  01 

83.98 

-0.28 

— 0.3924E  01 

-0.26 

0.1542E  01 

87.98 

-0.67 

— 0.7740E  01 

-0.12 

0.2763E  01 

SIGMA  =  0.2631 

A  =  1.7636 

Compressional 

Shear 

I 

HI 

DHI 

GI 

DGI 

4.00 

-0.99 

0.2027E  00 

-0.09 

-0.1272E  01 

8.00 

-0.97 

0.4003E  00 

-0.18 

-0.1230E  01 

12.00 

-0.94 

0.5876E  00 

-0.26 

-0.1162E  01 

16.00 

-0.89 

0.7599E  00 

-0.34 

— 0.1069E  01 

20.00 

-0.83 

0.9125E  00 

-0.41 

-0.9547E  00 

24.00 

-0.76 

0.1042E  01 

-0.47 

— 0.8227E  00 

27.99 

-0.69 

0.1143E  01 

-0.52 

-0.677  IE  00 

31.99 

-0.60 

0.1215E  01 

-0.57 

-0.5227E  00 

35.99 

-0.52 

0.1254E  01 

-0.60 

-0.3643E  00 

39.99 

-0.43 

0.1258E  01 

-0.62 

— 0.2071E  00 

43.99 

-0.34 

0.1226E  01 

-0.63 

-0.5594E  -01 

47.99 

-0.26 

0.1156E  01 

-0.62 

0.8474E-01 

51.99 

-0.18 

0.1047E  01 

-0.61 

0.2115E  00 

55.99 

-0.11 

0.8945E  00 

-0.60 

0.3223E  00 

59.99 

-0.06 

0.6935E  00 

-0.57 

0.4174E  00 

63.99 

-0.02 

0.4322E  00 

-0.54 

0.5002E  00 

67.99 

-0.00 

0.8943E-01 

-0.50 

0.5796E  00 

71.99 

-0.01 

— 0.3752E  00 

-0.46 

0.6728E  00 

75.99 

-0.06 

-0.1039E  01 

-0.40 

0.8133E  00 

79.98 

-0.16 

— 0.2054E  01 

-0.34 

0.1066E  01 

83.98 

-0.36 

— 0.3740E  01 

-0.25 

0.1568E  01 

87.98 

-0.72 

-0.6830E  01 

-0.11 

0.2632E  01 
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Reflection  Coefficients  and  Derivatives 
SIGMA  =  0.3000  A  =  1.8708 

Compressional 


Shear 


I 

HI 

DHI 

GI 

DGI 

4.00 

-0.99 

0.1698E  00 

-0.08 

—0.1 1 3 IE  01 

8.00 

-0.98 

0.3352E  00 

-0.16 

-0.1096E  01 

12.00 

-0.95 

0.49 19E  00 

-0.23 

-0.1039E  01 

16.00 

-0.91 

0.6358E  00 

-0.30 

-0.9616E  00 

20.00 

-0.86 

0.7628E  00 

-0.37 

-0.8661E  00 

24.00 

-0.80 

0.8696E  00 

-0.42 

-0.7553E  00 

27.99 

-0.74 

0.9528E  00 

-0.47 

-0.6327E  00 

31.99 

-0.67 

0.1010E  01 

-0.51 

-0.5019E  00 

35.99 

-0.60 

0.1038E  01 

-0.54 

-0.3668E  00 

39.99 

-0.5  3 

0.1035E  01 

-0.56 

-0.2312E  00 

43.99 

-0.45 

0.9990E  00 

-0.57 

-0.9858E-01 

47.99 

-0.39 

0.9282E  00 

-0.58 

0.2796E-01 

51.99 

-0.33 

0.8197E  00 

-0.57 

0.1463E  00 

55.99 

-0.27 

0.6698E  00 

-0.56 

0.2559E  00 

59.99 

-0.23 

0.4722E  00 

-0.53 

0.3580E  00 

63.99 

-0.21 

0.2169E  00 

-0.51 

0.457  IE  00 

67.99 

-0.20 

-0.1128E  00 

-0.47 

0.5618E  00 

71.99 

-0.23 

-0.5440E  00 

-0.43 

0.6874E  00 

75.99 

-0.28 

-0.1120E  01 

-0.37 

0.8593E  00 

79.98 

-0.39 

-0.1910E  01 

-0.30 

0.1119E  01 

83.98 

-0.56 

-0.3020E  01 

-0.21 

0.1530E  01 

87.98 

-0.82 

-0.4597E  01 

-0.09 

0.2194E  01 

SIGMA  =  0.3500 

A  =  2.0817 

Compressional 

Shear 

I 

HI 

DHI 

GI 

DGI 

4.00 

-1.00 

0.1232E  00 

-0.06 

-0.9143E  00 

8.00 

-0.98 

0.2431E  00 

-0.13 

-0.8884E  00 

12.00 

-0.96 

0.3562E  00 

-0.19 

-0.8459E  00 

16.00 

-0.93 

0.4595E  00 

-0.24 

-0.7881E  00 

20.00 

-0.90 

0.5498E  00 

-0.30 

-0.7165E  00 

24.00 

-0.86 

0.6242E  00 

-0.34 

-0.6331E  00 

27.99 

-0.81 

0.6803E  00 

-0.39 

-0.5  399E  00 

31.99 

-0.76 

0.7155E  00 

-0.42 

-0.4395E  00 

35.99 

-0.71 

0.7278E  00 

-0.45 

-0.3340E  00 

39.99 

-0.66 

0.7150E  00 

-0.47 

-0.2260E  00 

43.99 

-0.61 

0.6754E  00 

-0.48 

-0.1172E  00 

47.99 

-0.57 

0.6069E  00 

-0.48 

-0.9329E-02 

51.99 

-0.53 

0.5073E  00 

-0.48 

0.9694E-01 

55.99 

-0.50 

0.3738E  00 

-0.47 

0.2018E  00 

59.99 

-0.48 

0.2030E  00 

-0.45 

0.3070E  00 

63.99 

-0.47 

-0.9726E-02 

-0.43 

0.4156E  00 

67.99 

-0.48 

-0.2700E  00 

-0.39 

0.5331E  00 

71.99 

-0.51 

— 0.5845E  00 

-0.35 

0.6670E  00 

75.99 

-0.56 

-0.9596E  00 

-0.30 

0.8270E  00 

79.98 

-0.64 

-0.1398E  01 

-0.24 

0.1024E  01 

83.98 

-0.76 

-0.1895E  01 

-0.16 

0.1266E  01 

87.98 

-0.91 

-0.2422E  01 

-0.06 

0.1555E  01 
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Reflection  Coefficients  and  Derivatives 


SIGMA  =  0.4000 

A  =  2.4495 

Compressional 

Shear 

I 

HI 

DHI 

GI 

DGI 

4.00 

-1.00 

0.7560E-01 

-0.05 

-0.6608E  00 

8.00 

-0.99 

0.1489E  00 

-0.09 

-0.6432E  00 

12.00 

-0.98 

0.2176E  00 

-0.14 

-0.6145E  00 

16.00 

-0.96 

0.2795E  00 

-0.18 

-0.575 IE  00 

20.00 

-0.94 

0.3325E  00 

-0.22 

-0.5260E  00 

24.00 

-0.91 

0.3747E  00 

-0.25 

-0.4683E  00 

27.99 

-0.89 

0.4042E  00 

-0.28 

-0.4031E  00 

31.99 

-0.86 

0.4194E  00 

-0.31 

-0.3316E  00 

35.99 

-0.83 

0.4188E  00 

-0.33 

-0.2552E  00 

39.99 

-0.80 

0.4012E  00 

-0.34 

-0.1749E  00 

43.99 

-0.77 

0.3654E  00 

-0.35 

-0.9185E-01 

47.99 

-0.75 

0.3107E  00 

-0.36 

-0.675  3E -02 

51.99 

-0.73 

0.2363E  00 

-0.35 

0.7995E-01 

55.99 

-0.72 

0.1419E  00 

-0.34 

0.1682E  00 

59.99 

-0.71 

0.2763E-01 

-0.33 

0.2583E  00 

63.99 

-0.71 

-0.1059E  00 

-0.31 

0.3509E  00 

67.99 

-0.73 

-0.2569E  00 

-0.28 

0.4468E  00 

71.99 

-0.75 

-0.4222E  00 

-0.25 

0.5467E  00 

75.99 

-0.78 

— 0.5964E  00 

-0.20 

0.6505E  00 

79.98 

-0.83 

-0.7708E  00 

-0.15 

0.7566E  00 

83.98 

-0.89 

— 0.9331E  00 

-0.10 

0.8614E  00 

87.98 

-0.96 

-0.1067E  01 

-0.03 

0.9577E  00 

SIGMA  =  0.4500 

A  =  3.3166 

Compressional 

Shear 

I 

HI 

DHI 

GI 

DGI 

4.00 

-1.00 

0.3043E-01 

-0.03 

-0.3605E  00 

8.00 

-1.00 

0.5974E-01 

-0.05 

-0.3511E  00 

12.00 

-0.99 

0.8685E-01 

-0.07 

— 0.3356E  00 

16.00 

-0.98 

0.1107E  00 

-0.10 

— 0.3142E  00 

20.00 

-0.98 

0.1304E  00 

-0.12 

— 0.2874E  00 

24.00 

-0.97 

0.1449E  00 

-0.14 

-0.2556E  00 

27.99 

-0.96 

0.1536E  00 

-0.15 

— 0.2192E  00 

31.99 

-0.94 

0.1557E  00 

-0.17 

-0.1788E  00 

35.99 

-0.93 

0.1509E  00 

-0.18 

-0.135 0E  00 

39.99 

-0.92 

0.1388E  00 

-0.19 

-0.8836E-01 

43.99 

-0.91 

0.1194E  00 

-0.19 

-0.395  IE-01 

47.99 

-0.91 

0.9275E-01 

-0.19 

0.1096E-01 

51.99 

-0.90 

0.5937E-01 

-0.19 

0.6245E-01 

55.99 

-0.90 

0.1998E-01 

-0.18 

0.1143E  00 

59.99 

-0.90 

— 0.2433E-01 

-0.17 

0.1660E  00 

63.99 

-0.90 

-0.7210E-01 

-0.16 

0.2166E  00 

67.99 

-0.91 

-0.1215E  00 

-0.14 

0.265 3E  00 

71.99 

-0.92 

— 0.1703E  00 

-0.12 

0.3111E  00 

75.99 

-0.93 

-0.2160E  00 

-0.10 

0.3528E  00 

79.98 

-0.95 

-0.2559E  00 

-0.07 

0.3890E  00 

83.98 

-0.97 

-0.287  IE  00 

-0.05 

0.4180E  00 

87.98 

-0.99 

— 0.3071E  00 

-0.02 

0.4382E  00 
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Reflection  Coefficients  and  Derivatives 
SIGMA  =  0.4900  A  =  7.1414 


Compressional  Shear 


I 

HI 

DHI 

GI 

DG1 

4.00 

-1.00 

0.3043E-02 

-0.01 

— 0.7770E-01 

8.00 

-LOO 

0.5949E-02 

-0.01 

— 0.7552E-01 

12.00 

-LOO 

0.8584E-02 

-0.02 

— 0.7193E-01 

16.00 

-LOO 

0.1083E-01 

-0.02 

-0.6698E-01 

20.00 

-LOO 

0.1256E-01 

-0.03 

-0.6077E-01 

24.00 

-LOO 

0.1371E-01 

-0.03 

-0.5340E-01 

27.99 

-LOO 

0.1420E-01 

-0.03 

— 0.4500E-01 

31.99 

-0.99 

0.1400E-01 

-0.04 

-0.3570E-01 

35.99 

-0.99 

0.1308E-01 

-0.04 

— 0.2569E-01 

39.99 

-0.99 

0.1146E-01 

-0.04 

-0.1513E-01 

43.99 

-0.99 

0.9199E-02 

-0.04 

-0.4208E-02 

47.99 

-0.99 

0.6364E-02 

-0.04 

0.6864E-02 

51.99 

-0.99 

0.3059E-02 

-0.04 

0.1788E-01 

55.99 

-0.99 

-0.5871E-03 

-0.04 

0.2863E  -01 

59.99 

-0.99 

-0.4429E-02 

-0.03 

0.3890E  -01 

63.99 

-0.99 

-0.8305E-02 

-0.03 

0.4849E-01 

67.99 

-0.99 

-0.1205E-01 

-0.03 

0.5718E-01 

71.99 

-0.99 

— 0.1549E-01 

-0.02 

0.6479E-01 

75.99 

-0.99 

-0.1848E-01 

-0.02 

0.7115E-01 

79.98 

-LOO 

-0.2087E-01 

-0.01 

0.7611E-01 

83.98 

-LOO 

-0.2255E-01 

-0.01 

0.7954E-01 

87.98 

-LOO 

-0.2343E-01 

-0.00 

0.8135E-01 
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PHYCOLOGICAL  NOTES  IV.  SUCCESSIVE  WATER  BLOOMS 
OF  FOUR  GREEN  ALGAE 


by  PATRICIA  A.  ARCHIBALD 

Department  of  Biology,  Slippery  Rock  State  College 
Slippery  Rock,  Pennsylvania  16507 

and  HAROLD  C.  BOLD1 

Department  of  Botany,  The  University  of  Texas  at  Austin, 
Austin  78712 

ABSTRACT 

Four  chlorophycean  algae  which  formed  water  blooms  in  lily  pools  on  the  campus  of 
the  University  of  Texas  at  Austin  from  1965-1974  are  briefly  described  together  with 
the  circumstances  surrounding  their  appearance.  The  organisms  were  taken  into  uni- 
algal  culture  and  have  been  deposited  in  the  Culture  Collection  of  Algae  at  Indiana 
University.  The  organisms  were  Euglena  granulata  (Euglenopycophyta,  Euglenales);  a 
new  variety  of  Chlamy domonas  (C  incerta  Pascher  var.  medio-stigma  var.  nov.);  an  as 
yet  unidentified  species  of  Chlorogonium  (the  last  2,  members  of  the  Chlorophycophy- 
ta,  Volvo cales);  and  Nautococcus  emersus  Geitler  (Chlorophycophyta,  Chlorococcales), 
the  last  reported  for  the  first  time  in  the  United  States. 

The  term  “water  bloom”  is  construed  differently  by  various  phycologists. 
For  example,  Smith  (1950)  defines  a  water  bloom  as  “a  development  of  one 
or  2  species  to  such  an  extent  that  the  water  is  discolored  by  them”,  while 
Fott  (1971)  limits  the  term  to  blue-green  algae  which  float  at  the  surface  of 
the  water.  The  blooms  to  be  described  briefly  below  are  interpreted  in  accor¬ 
dance  with  the  broader  definition  of  Smith  as  increases  in  the  population  of 
an  organism  or  organisms  sufficiently  to  discolor  the  water.  Three  of  the  4 
algal  bloomers  to  be  described  below  ( Euglena  granulata,  Nautococcus  emer¬ 
sus  and  Chlorogonium  sp.)  formed  surface  films  on  the  water  (Figs.  1,2); the 
fourth  {Chlamy domonas  incerta  v.  medio-stigma  var.  nov.)  was  suspended  in 
high  density. 

Algal  blooms  are  common  in  summer  in  many  of  the  lakes  and  ponds  sur¬ 
rounding  the  Great  Lakes  area.  Early  summer  blooms' are  dominated  by  green 
algae  such  as  Chlamy  domonas,  Closterium  and  Eudorina  and  also  by  Euglena 
(Fitzgerald,  1971).  Late  summer  blooms  are  composed  of  such  blue-green 

^he  investigation  on  which  this  report  is  based  was  supported  in  part  by  NSF  Grant 
GB  40096X  to  the  second  author. 
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algae  as  Anabaena,  Microcystis  and  Aphanizomenon.  A  water  bloom  at  Oys¬ 
ter  Pond,  Falmouth,  Massachusetts,  witnessed  by  the  second  author  was  oc¬ 
casioned  early  in  July,  1930,  exclusively  by  Volvox  globator  L. 

The  water  blooms  under  discussion  in  the  present  paper  appeared  succes¬ 
sively  at  4  different  times  on  3  lily  pools  just  south  of  the  Biology  Building 
at  the  University  of  Texas  at  Austin  during  the  period  1965-74.  These  pools, 
approximately  40  x  20  feet,  are  supplied  with  running  city  tap  water  which 
enters  the  first  of  the  series  of  3  ponds,  overflowing  from  the  first  into  the 
second  and  from  the  second  into  the  third;  an  outlet  in  the  third  pond  pre¬ 
vents  overflow. 

The  organisms  which  bloomed  at  4  different  times  and  under  somewhat 
different  conditions  were  studied  from  fresh  collections  and  were  taken  into 
unialgal  culture.  The  culture  media  used  for  each  organism  are  indicated 
below  as  are  some  of  the  conditions  which  prevailed  at  the  time  of  the  bloom. 

Euglena  granulata  (Klebs)  Schmitz  (Figs.  1-3). 


Figure  1.  Portion  of  easternmost  Figure  2.  Portion  of  Fig.  1,  more 

pools;  note  Euglena  bloom  supporting  highly  magnified, 
fallen  leaves. 


Figure  3.  Euglena  granulata;  note 
stigma  or  eyespots;  flagellum  not  visible; 
X  420. 
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The  most  persistent  bloom,  that  of  Euglena granulata,  persisted  in  Decem¬ 
ber,  1965,  through  January,  1966,  and  appeared  again  at  the  same  time  in 
1966-1967.  Figures  1, 2  give  some  indication  of  the  appearance  of  the  surface 
pellicle.  The  organisms,  as  is  typical  for  Euglena,  formed  an  opaque,  bubbly, 
velvety  dark -green  pellicle  on  the  surface  of  the  easternmost  pond,  farther¬ 
most  from  the  inflowing  water.  Although  a  number  of  the  organisms  were  en¬ 
cysted,  a  large  proportion  were  flagellate  and  actively  motile.  Figure  3  illus¬ 
trates  one  of  the  organisms.  Euglena  granulata  is  maintained  in  Pringsheim’s 
biphasic  soil  water  medium  prepared  to  include  a  pea  cotyledon. 

Nautococcus  emersus  Geitler  (Figs.  4-8). 

The  bloom  of  Nautococcus  emersus,  like  that  of  Chlorogonium,  occurred 
during  November,  1973,  when  repairs  and  a  water  bloom  of  the  angiosperm 
Wolflella  in  the  westernmost  pond  necessitated  turning  off  the  flowing  water 
source.  The  Nautococcus  bloom  occurred  in  the  middle  and  westernmost 


Figure  4.  Nautococcus  emersus.  Por¬ 
tion  of  water  bloom  mounted  in  water; 
cells  viewed  from  X  1200. 


Figures  5  and  6.  Nautococcus  emersus.  Portion  of  bloom  mounted  in  water;  cells  in 
lateral  view,  X  1200. 
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ponds  soon  after  the  water  flow  had  been  terminated  and  after  the  water  level 
of  the  ponds  had  fallen  through  leakage  and  evaporation.  The  organisms 
formed  a  dense  pellicle  on  the  water  surface,  a  portion  of  which  is  illustrated 
under  low  magnification  in  Figure  4.  The  algae  remained  coherent  when  sam¬ 
ples  were  removed  for  laboratory  examination.  Once  in  unialgal  culture,  the 
cells  formed  films  on  the  surface  of  the  liquid  in  the  culture  flasks,  but  some 
of  them  also  grew  on  the  bottom  of  the  flask. 


Figure  7.  N autococcus  emersus.  Por¬ 
tion  of  culture  in  BBM  agar;  note  axile 
chloroplasts,  X  1200. 


Figure  8.  N autococcus  emersus.  Cells 
from  stationary -phase  cultures;  note  wall 
thickening -note  cap  on  ovoid  cell, 


X  1200. 


The  organism  had  a  strong  tendency  to  trap  air  when  attempts  were  made 
to  examine  fresh  material  microscopically.  This  was  because  the  cells  were 
connected  by  the  margins  of  their  polar  caps  (Fig.  5).  The  latter  did  not  de¬ 
velop  in  culture  as  strikingly  as  in  the  natural  samples.  The  cells  contain 
prominent  axile  chloroplasts  with  central  pyrenoids  (Fig.  6).  Within  the  fresh¬ 
ly  collected  pellicle  many  of  the  cells  were  reproducing  by  autospore  forma¬ 
tion,  the  autospores  arising  in  2’s  and  4’s.  Whether  these  arise  by  desmoschisis 
or  eleutheroschisis  (Groover  and  Bold,  1972)  will  require  electron  microscopy 
for  resolution. 

In  culture,  the  vegetative  cells  are  spherical,  but  in  stationary-phase  cul¬ 
tures  older  cells  may  become  ovoid  (Fig.  7).  In  the  log  phase  of  growth  many 
of  the  cells  measure  between  9  and  12  gm,  and  their  walls  are  less  than  0.3 
Atm  thick.  Only  a  few  of  the  cells  produce  the  typical  polar  caps.  In  station¬ 
ary-phase  cultures,  the  cells  increase  to  20-25  jum  and  their  walls  thicken  to 
10  /im  (Fig.  7).  The  chloroplast  is  massive  and  axile  with  a  single  pyrenoid 
surrounded  by  discontinuous  starch  grains.  The  cells  are  uninucleate  with  the 
nucleus  parietal. 

As  noted  above,  the  vegetative  cells  may  produce  2  to  4  autospores  which 
are  liberated  from  their  parental  walls  as  they  increase  in  size.  In  older 
cultures  some  of  the  autospores  thicken  their  walls  with  a  spiny  coat  and  be¬ 
come  hypnospores. 

Reproduction  is  also  accomplished  by  zoospores  which  are  biflagellate, 
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7-9  jitm  X  3-5  jum  (Fig.  8).  These  have  an  anterior  stigma,  anterior  nucleus  and 
2  contractile  vacuoles.  The  pyrenoid  is  not  clearly  visible  in  the  zoospores. 

This  organism  was  compared  with  all  the  known  species  of  Nautococcus 
available  in  culture  (Archibald,  1972)  and  corresponded  to  none  of  them.  In¬ 
stead,  it  appears  to  be  closely  related  to,  if  not  identical  with,  TV.  emersus 
Geitler  of  which  cultures  are  not  available.  The  present  report  seems  to  be  the 
first  of  the  occurrence  of  this  alga  in  this  country.  It  was  first  reported 
from  Austria  (Geitler,  1942).  Cultures  of  the  organism  have  been  deposited 
in  the  Culture  Collection  of  Algae  at  Indiana  University. 


Chlorogonium  sp.  (Figs.  9,10;  Text  Fig.  1). 


A  heavy  rain  dissipated  the  bloom  of  Nautococcus  emersus,  and  this  was 
followed  by  a  period  of  several  weeks  during  which  water  again  was  allowed 


Figure  9.  Chlorogonium  sp.:  cells 
from  culture  in  3X  BBM  agar.  From  a 
stationary-phase  culture,  X  1000. 


Figure  10.  Chlorogonium  sp.:  cells 
from  culture  in  3X  BBM  agar.  From  a 
log-phase  culture;  note  stigma  (arrow) 
and  asexual  reproduction,  X  1000. 


to  flow  through  the  ponds,  and  again  stopped  to  allow  further  repairs.  As  the 
water  flow  ceased  in  December,  1973,  a  pellicular  bloom  reappeared  on  the 
surface  of  the  water  in  the  easternmost  pond  and  was  inferred  from  its  macro¬ 
scopic  appearance  to  be  Nautococcus.  However,  microscopic  examination  re¬ 
vealed  it  to  be  a  species  of  Chlorogonium  (Figs.  9,10;  Text  Fig.  1)  possibly 
an  undescribed  one.  In  an  attempt  to  identify  the  organism  with  certainty,  it 
was  compared  with  all  the  available  living  cultures  of  Chlorogonium  in  the 
Culture  Collection  of  Algae  at  Indiana  University.  Inasmuch  as  this  compari¬ 
son  revealed  some  discrepancies  in  those  cultures,  as  labeled,  and  the  descrip¬ 
tion  of  the  labeled  organisms  in  the  literature,  this  problem  will  be  discussed 
in  a  subsequent  contribution. 
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Chlamydomonas  incerta  Pascher  var.  medio-stigma  var.  nov. 
(Figs.  11-14;  Text  Fig.  2) 


Figures  11  and  12.  Chlamydomonas  incerta  var.  medio-stigma  var.  nov.  View  of  por¬ 
tion  of  plant  mass  from  3XN  BBM  agar;  and  mounted  in  India  ink  to  show  capsules, 
Figure  11,  X  100;  Figure  12,  X  1200. 


The  fourth  organism  to  flourish  as  a  water  bloom  appeared  in  the  western¬ 
most  pond  in  January,  1974,  after  heavy  rains  had  dissipated  the  bloom  of 
Chlorogonium.  Unlike  Euglena  granulata,  N autococcus  emersus  and  Chloro- 
gonium  sp.,  the  bloom  of  Chlamydomonas  did  not  form  a  pellicle.  The  organ¬ 
isms  were  isolated  into  unialgal  and  axenic  culture  and  found  to  agree  in  all 
but  one  morphological  characteristics  with  C.  incerta  Pascher  (Pascher,  1927). 
The  single  discrepancy  was  in  the  position  of  the  stigma  which  is  described  as 
anterior  by  Pascher.  Accordingly,  the  newly  isolated  organism  is  herewith 
described2  as  a  new  variety,  var.  medio-stigma,  because  the  stigma  consistently 

2  Chlamydomonas  incerta  Pascher  var.  medio-stigma:  Varietas  a  specie  typica  differens  eo 
quod  stigma  in  medio  cellulae  est. 
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Figure  13.  Chlamydomonas  incerta 
var.  medio-stigma.  Living  cells;  note  stig¬ 
ma  (arrow),  X  1300. 


Figure  14.  Chlamydomonas  incerta 
var.  medio-stigma.  Asexual  reproduction; 
division  into  2’s  and  4 ’sis  typical,  X  1200. 


Text.  Figure  2.  Chlamydomonas  incerta  var.,  medio-stigma,  X  2000.  A.  Anterior 
polar  view;  B.  Median  longisection. 

lies  near  the  equator  of  the  globose  or  sulglobose  cells  which  varied  in  dia¬ 
meter  between  14  and  18  /tin.  On  3XN  BBM  agar  the  cells  grow  in  the  palmel- 
loid  state  surrounded  by  a  copious  capsule  (Figs.  11,  12)  within  which  the 
flagella  are  retained.  They  are  actively  motile  in  liquid  media  and  reproduce 
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asexually  by  division  in  the  non-motile  state  into  4  daughter  cells  (Fig.  14). 
A  culture  of  the  new  variety  has  been  deposited  in  the  Culture  Collection  of 
Algae  at  Indiana  University  and  a  herbarium  specimen  has  been  deposited  in 
the  Chicago  Field  Museum  of  Natural  History. 
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ABSTRACT 

Swimming  behavior  was  investigated  for  Geomys  bursarius,  G.  pinetis,  and 

Pappogeomys  castanops.  No  statistical  differences  were  observed  between  age 
groups,  sexes,  or  species.  Average  swimming  duration  in  Geomys  was  362 

seconds  and  the  average  rate  was  17  cm/ second.  When  water  depth  was 

increased  to  prevent  the  gophers  from  occasionally  touching  the  bottom, 
average  swimming  duration  decreased  significantly  (f-test,  P  <  0.05 )  to  106 

seconds.  Behavior  during  swimming  is  described  and  illustrated. 

INTRODUCTION 

Kennedy  (1963)  pointed  out  the  importance  of  considering  swimming 
ability  in  relation  to  distributional  barriers,  dispersal,  and  gene  flow  in  pocket 
gopher  populations.  While  Hamilton  (1943)  and  Jackson  (1961)  stated  that 
pocket  gophers  were  not  able  to  swim,  Kennedy’s  (1963)  findings  indicated 
that  Texas  Geomys  bursarius  were  rather  vigorous  swimmers  in  placid  water, 
and  presumably  could  cross  narrow  waterways.  We  were  prompted  to  under¬ 
take  the  present  study  because  of  the  paucity  of  detailed  knowledge  concern¬ 
ing  the  swimming  ability  of  pocket  gophers.  We  investigated:  (1)  swimming 
behavior*  (2)  duration  of  swimming;  (3)  swimming  speed;  and  (4)  differences 
in  swimming  ability  between  age  groups,  sexes,  and  the  3  species— G.  bursari¬ 
us,  G.  pinetis ,  and  Pappogeomys  castanops. 

MATERIALS  AND  METHODS 

We  captured  one  P.  castanops  and  28  G.  bursarius  using  modified  live  traps 
(for  a  description  of  the  traps  see  Hart,  1973).  Of  the  28  G.  bursarius,  24  were 
captured  in  Norman,  Cleveland  Co.,  Oklahoma,  3  near  Eudora,  Douglas  Co., 

Present  address:  Department  of  Biology,  Eastern  New  Mexico  University,  Portales  88130, 
The  Texas  Journal  of  Science,  Vol.  XXVII,  No.  3,  September,  1976. 
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Kansas,  and  one  9  mi  S,  1  mi  W  Tolar,  Roosevelt  Co.,  New  Mexico.  The  P. 
castanops  was  also  collected  at  the  latter  locality.  Larry  N.  Brown  sent  us  2 
G.  pinetis  from  Tampa  Co.,  Florida. 

Some  of  the  animals  had  been  injected  within  the  previous  2  hours  with  a 
colchicine  solution,  but  it  appeared  to  have  no  effect  on  body  functions. 
None  of  the  females  were  gravid,  and  all  swimmming  tests  were  conducted 
immediately  after  animals  were  captured. 

The  gophers  were  placed  into  the  center  of  a  water  filled  wooden  trough 
(30  cm  x  30  cm  x  3  m)  lined  with  polyethylene  film.  The  trough  was  marked 
in  30  cm  increments  to  allow  accurate  measurement  of  distance  traveled. 
Swimming  speeds  were  recorded  only  when  the  test  animal  was  moving  in  the 
water.  Water  depth  was  approximately  15  cm  for  all  except  4  tests  (see  text 
and  Table  1),  and  water  temperature  was  approximately  25°C.  Animals  were 
allowed  to  swim  until  they  tired  and  began  to  sink  to  the  bottom,  but  not 
allowed  to  drown. 

Table  1 

Summary  of  pocket  gopher  swimming  performance. 


Swimming  Duration 

Swimming  Speed 

(sec. 

.) 

(cm/sec. ) 

Geoinys  bursarius 

Adult 

<? 

5(361.0; 

194.83)a 

5(18.0;  0.08) 

Juvenile 

3(613.3; 

238.24) 

3(12.4;  0.15) 

Adult 

$ 

9(235.6; 

142.28) 

5(18.0;  0.09) 

Sub adult 

% 

3(591.7; 

280.73) 

3(16.4;  0.06) 

Juvenile 

? 

4(288.5; 

39.27) 

3(20.7;  0.08) 

b Adult 

<? 

1(105.0; 

—  -  ) 

1(26.4;  —  ) 

bSubadult 

% 

3(106.7; 

54.85) 

3(13.7;  0.17) 

G eomy s  pinetis 

Subadult 

s 

1(735.0; 

— -  ) 

1(12.2;  —  ) 

Adult 

% 

1(530.0; 

—  -  ) 

1(13.8;  —  ) 

Pappogeomys  castanops 

Adult  <£ 

1(130.0; 

1(18.3;  —  ) 

asample  size  (mean 

;  standard 

deviation) 

bwater  depth  was  23  cm;  all  others  15  cm 
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RESULTS  AND  DISCUSSION 

A  summary  of  swimming  duration  and  speed  is  presented  in  Table  1 .  All 
Geomys  tested  appeared  to  be  excellent  swimmers.  Five  gophers,  2  male  and 
2  female  G.  bursarius  and  one  female  G.  pinetis,  swam  for  more  than  10  min¬ 
utes.  The  maximum  time  recorded  was  for  a  juvenile  male  G.  bursarius  that 
was  in  the  water  for  885  seconds  (14.75  min).  A  f-test  revealed  no  significant 
difference  between  the  average  swimming  times  of  males  vs.  females.  In  addi¬ 
tion,  a  Student-Newman-Keuls  a  posteriori  test  for  multiple  comparisons 
among  means  (Sokal  and  Rohlf,  1969)  indicated  no  significant  differences  in 
swimming  times  between  any  of  the  sex  and  age  classes  for  G.  bursarius  listed 
in  Table  1 

Behavior  of  Individual  pocket  gophers  was  variable,  but  most  assumed  a 
horizontal  swimming  posture  (Fig.  1A)  with  the  forepaws  stroking  directly 
forward,  transcribing  circular  vertical  strokes.  The  limbs  on  one  side  of  the 
body  moved  synchronously  in  the  same  direction:  opposite  the  limbs  on  the 
other  side  of  the  body.  After  3-5  minutes  of  swimming  back  and  forth  in  the 
trough,  gophers  would  generally  begin  to  "‘dog-paddle5’  in  a  position  ap¬ 
proaching  vertical  (Fig.  IB).  In  this  position  the  forelimbs  appeared  to  per¬ 
form  most  of  the  stroking  with  the  hind  legs  moving  very  weakly.  The  tail 
moved  laterally  back  and  forth  in  all  swimming  positions,  and  possibly  per¬ 
formed  a  sculling  function  as  suggested  by  Kennedy  (1963). 

Swimming  time  appeared  directly  proportional  to  an  individual’s  success 
in  touching  the  bottom  of  the  trough.  As  a  gopher  began  to  tire,  it  appeared 
to  hold  its  breath  and  allowed  the  head  to  sink  (up  to  10  cm)  below  the  water 
surface  while  maintaining  the  vertical  position.  As  the  tail  contacted  the  bot¬ 
tom  of  the  trough  the  experimental  animal  would  immediately  swim  back  to 
the  surface  and  begin  stroking  once  again.  In  the  vertical  dog-paddling  posture 
(Fig.  IB),  the  tail  appeared  to  function  as  a  “water-depth  probe.”  To  test  this 
observation  further  4  G.  bursarius  (3  subadult  females  and  1  adult  male)  were 
placed  into  23  cm  deep  water.  They  were  not  observed  to  touch  the  bottom 
of  the  trough,  and  their  swimming  times  were  the  briefest  recorded  (170  sec., 
105  sec.,  and  2  swam  75  sec.  each).  A  f-test  indicated  a  significant  difference 
(P  <  0.05)betweeen  swimming  duration  of  the  24  G.  bursarius  tested  in  15  cm 
deep  water  (mean  362.3  sec.;  st.  dev.  211 .50)  and  the  4  in  23  cm  deep  water 
(106.3;  44.79).  Times  recorded  for  our  deep  water  tests  are  close  to  those  re¬ 
ported  by  Kennedy  (1963)  for  the  adult  female  and  subadult  male  G.  bursar¬ 
ius  he  observed.  His  animals  swam  in  a  tank  with  7  in  (17.5  cm)  of  water, 
thus  not  allowing  the  animals  to  touch  bottom,  for  160  seconds  each. 

There  are  reasons  to  expect  that  real  differences  actually  exist  between 
swimming  duration  times  of  juvenile  and  adult  pocket  gophers,  but  sample 
sizes  probably  need  to  be  increased  to  detect  such  differences.  If  this  ability 
to  survive  longer  actually  exists  it  could  be  based  for  the  most  part,  on  the 
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Figure  1.  Swimming  positions  of  Geomys  bursarius.  (A)  Duration  of  this  initial  hori¬ 
zontal  position  was  3-5  minutes.  All  swimming  speeds  were  recorded  when 
test  animals  were  in  this  position.  (B)  An  increase  in  stroking  by  the  front 
legs  and  decrease  by  the  hind  legs  characterized  the  behavior  while  in  this 
vertical  position. 
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animal’s  ability  to  float.  As  discussed  by  Dagg  and  Windsor  (1972),  the  posi¬ 
tion  of  an  animal  in  the  water  is  reflected  in  part  by  its  hair.  Instances  of  hair 
increasing  floatation  have  been  reported  for  caribou, porcupine,  red  fox (Caha- 
lane,  1947),  water  shrews,  white-tailed  deer  (Hamilton,  1943),  and  brown 
lemmings  (Myllymaki  et  al,  1962).  After  rubbing  detergent,  which  acted  as 
a  wetting  agent,  on  mice,  rats,  and  gerbils,  Dagg  and  Windsor  (1972)  observed 
all  of  these  animals  to  swim  in  almost  a  vertical  position.  This  indicated  to 
them  that  the  amount  of  air  in  the  fur  is  extremely  important  in  floatation. 
Previous  work  on  muskrats  (Johansen,  1962,  Wragge,  1954),  which  have 
21.5%  of  the  animal’s  total  dry  volume  as  air  in  the  fur,  support  their  conclu¬ 
sion.  Several  times  we  observed  juvenile  pocket  gophers  that  ceased  paddling 
and  remained  floating  in  a  horizontal  position  on  the  surface  of  the  water. 
The  tendency  for  younger  animals  to  have  a  greater  amount  of  body  fat  and 
relatively  light  weight  (see  Dagg  and  Windsor,  1972)  may  enable  them  to  stay 
high  in  the  water;  thus  greatly  increasing  the  time  for  water  to  soak  into  the 
fur.  Probably  the  change  in  angle  of  swimming  in  older  individuals  (Figs.  1A 
and  IB)  was  due  principally  to  the  fur  becoming  water  soaked  and  only  sec¬ 
ondarily  to  fatigue. 

Kennedy’s  (1963)  2  pocket  gophers  swam  at  a  speed  of  9  in  per  second 
(ca.  22.86  cm/sec.),  which  is  similar  to  our  group  averages  (Table  1).  Statis¬ 
tical  examination  revealed  no  differences  between  groups.  Most  Geomys 
consistently  swam  at  about  17  cm/sec.  The  small  standard  deviations  we  ob¬ 
served  lead  us  to  believe  this  is  a  relatively  accurate  measurement  of  swim¬ 
ming  speeds  for  short  periods  of  time.  When  compared  to  those  species  tested 
by  Dagg  and  Windsor  (1972),  pocket  gophers  are  relatively  slow  swimmers. 

Due  to  the  small  sample  sizes  for  G.  pinetis  and  P.  castanops  we  did  not 
make  statistical  comparisons  with  G.  bursarius.  We  noted  no  subjective  dif¬ 
ferences  between  the  2  species  of  Geomys,  but  the  P.  castanops  had  to  be  re¬ 
moved  from  the  water  after  only  130  seconds.  Perhaps  this  more  xeric  spe¬ 
cies  (Reichman  and  Baker,  1972;  Best,  1973)  is  not  as  capable  a  swimmer  as 
the  2  species  of  Geomys. 

CONCLUSIONS 

We  have  shown  that  pocket  gophers  are  good  swimmers,  at  least  in  calm 
water,  and  are  able  to  sustain  themselves  for  relatively  long  periods  without 
drowning.  If  an  “average”  Geomys  (in  water  shallow  enough  for  it  to  occa¬ 
sionally  touch  the  bottom)  swam  for  362  seconds  at  a  speed  of  17  cm/sec.,  it 
could  cross  a  placid  body  of  water  more  than  50  m  across.  Even  allowing  for 
drift  due  to  current,  this  is  quite  significant. 
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ISOLATION  AND  CHARACTERIZATION  OF  AEROMONAS 
SHIGELL OWES  ENDOTOXIN 
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ABSTRACT 

Trichloroacetic  acid  treatment  of  A.  shigelloides  cells  produces  an  extract  with  bio¬ 
logical  and  chemical  properties  similar  to  classic  endotoxins  (Boivin  antigens).  The  ex¬ 
tract  was  more  toxic  to  rabbits  (LD508I.2  jug)  than  to  mice  (LD5 o291pg).  In  amounts 
of  0.5,  1,  or  2  pg  it  protected  mice  from  a  challenge  with  virulent  Salmonella  typhimuri- 
um.  Sub-lethal  inoculations  of  rabbits  elicited  antibodies  against  the  extract  as  seen  by 
Ouchterlony  double  diffusion.  Intradermal  injections  followed  in  24  hr  by  intravenous 
challenge  produced  a  typical  localized  Shwartzman  reaction  in  rabbits.  Two  jUg  of  this 
extract  given  intravenously  to  rabbits  produced  a  well-defined  biphasic  temperature  re¬ 
sponse  characteristic  of  endotoxins. 

INTRODUCTION 

Extracts  from  the  cells  of  many  Gram  negative  organisms  yield  a  water 
soluble  lipopolysaccharide  commonly  referred  to  as  endotoxin  (Milner,  et  ah, 
1971).  Injection  of  animals  with  this  endotoxin  gives  rise  to  physiological 
changes  which  do  not  vary  greatly  with  regard  to  their  generic  source.  Classic¬ 
ally,  endotoxins  produce  a  localized  Shwartzman  reaction,  confer  non-specifi- 
ic  protection,  are  pyrogenic,  antigenic  and  lethal  to  rabbits,  mice  and  guinea 
pigs  (Burrows,  195 1). 

Aeromonas  shigelloides  is  a  facultative  pathogen  which  has  been  isloated 
from  the  feces  of  man  and  animal,  human  blood  and  cerebrospinal  fluid 
(Hugh,  1970).  It  has  been  found  in  association  with  Shigella  in  stools  of  per¬ 
sons  with  dysentery  and  gastroenteritis,  and  some  strains  are  antigenically  re¬ 
lated  to  Shigella  sonnei  type  I  (Hendrie,ef  al.,  1971).  Indeed,  its  fermentative 
action  on  carbohydrates  often  leads  to  erroneous  classification  as  a  member 
of  the  family  Enterobacteriaceae.  This  position  is  precluded  by  its  positive 
indophenol  oxidase  test  and  its  polar  flagella  (Hugh,  1970). 

Endotoxins  have  been  primarily  associated  with  the  Gram  negative  enteric 
bacilli  (Zinsser,  1964).  However,  several  other  Gram  negative  bacilli  other 
than  enterics  have  been  shown  to  possess  extractable  endotoxins.  A  study 
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by  Albizo  and  Surgalla  (1970)  have  shown  the  Pasteurella  pestis  produces 
a  potent  classical  endotoxin  which  may  participate  in  the  pathogenic  pro¬ 
cess  brought  on  by  infection  with  this  organism.  Sakazaki  et  al,  (1959)  have 
described  5  somatic  and  4  flagellar  antigens  of  A.  shigelloides.  Whang  et  al., 
(1972)  have  further  related  that  only  A.  shigelloides  of  the  Aeromonas  spe¬ 
cies  contains  a  common  (CA)  antigen  formerly  associated  exclusively  with  the 
Enterobacteriaceae  (15).  In  light  of  the  confusion  as  to  the  taxonomic  posi¬ 
tion  of  A.  shigelloides  it  was  of  interest  to  know  if  this  organism  possesses 
an  endotoxin  similar  to  the  Enterobacteriaceae  or  whether  its  only  relation¬ 
ship  is  its  biochemical  similarity  and  its  antigenic  relationship  to  Type  I 
Shigella. 


MATERIALS  AND  METHODS 
Stock  Culture 

A.  shigelloides  324297  from  the  Texas  State  Health  Laboratory  was  used 
in  this  study.  The  isolate  was  from  a  case  of  human  dysentery.  Maintenance 
was  by  serial  transfer  on  Tryptic  Soy  Agar  slants  (Difco). 

Cultivation,  Extraction  and  Isolation  of  Endotoxin 

Cells  of  A.  shigelloides  were  grown  by  inoculation  of  stationary  flasks 
containing  100  ml  of  Tryptic  Soy  Broth  with  10  ml  of  a  24  hr  starter  cul¬ 
ture.  The  flasks  were  incubated  at  37  C  for  5  days  and  the  cells  recovered 
by  continuous  flow  centrifugation  at  12,000  rpm  in  a  Sorval  RC  2  refrig¬ 
erated  (4  C)  centrifuge.  The  cells  were  washed  3  times  in  0.85%  saline, 
frozen  and  dried  in  vacuo. 

Endotoxin  was  extracted  from  the  freeze  dried  cells  by  a  modification  of 
the  trichloracetic  acid  (TCA)  method  of  Boivin,  Mesrobeanu  and  Mesrobeanu 
(Nowotny,  1969).  To  each  5  gm  of  lyophilized  cells,  150  ml  of  cold  5%  TCA 
were  added  and  the  suspension  was  homogenized  at  high  speed  under  ice  in 
an  Oster  blender  for  2  min.  Stirring  was  continued  for  8  min  followed  by  cen¬ 
trifugation  at  12,000  rpm  for  20  min.  The  packed  cells  were  extracted  twice 
as  described.  All  supernatants  were  dialyzed  against  twice  daily  changes  of 
distilled  water  for  5  days. 

The  dialyzed  material  was  filtered  through  2  layers  of  Whatman  No.  2  fil¬ 
ter  paper  on  a  Buchner  funnel  using  a  vacuum.  The  volume  was  reduced  to 
200  ml  by  vacuum  distillation  and  the  pH  adjusted  to  7,4  with  0.1  WNaOH. 
With  constant  stirring,  400  ml  of  cold  methanol  containing  0.2%  MgCl2  was 
added  to  the  extract.  The  resulting  precipitate  was  collected  by  centrifugation 
at  6,000  rpm  at  4  C.  The  precipitate  was  dissolved  in  200  ml  of  distilled  water 
and  reprecipitated  with  methanol  MgCl2.  Following  collection,  the  precipi¬ 
tate  was  dissolved  in  200  ml  distilled  water  and  dialyzed  for  3  days  with  twice 
daily  changes  of  distilled  water.  The  extract  volume  was  reduced  to  100  ml 
by  vacuum  distillation  and  lyophilized  to  dryness. 
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Chemical  Analysis 

Chemical  analysis  was  run  on  lyophilized  endotoxin  reconstituted  with 
sterile  distilled  water.  Protein  concentration  was  determined  by  the  method 
of  Lowry,  et  al.,  (1951)  and  phosphorus  by  the  method  of  Chen }et  al, 
(1956).  Neutral  hexoses  were  determined  by  the  method  described  by  Spiro, 
(1966).  Nitrogen  was  determined  by  the  micro -Kjeldahl  method  as  modified 
by  Campbell  et  al ,  (1963).  The  method  of  Williams  and  Chase,  (1968),  was 
used  to  determine  hexosamine.  Glucosamine-HCl  was  used  as  a  standard. 
Esterified  fatty  acids  were  measured  by  the  method  of  Snyder  and  Stephens, 
(1959),  as  modified  by  Tauber  (Fed.  Proc.  19:  245;  I960),  with  tripalmitin 
used  as  a  standard.  Amine-linked  fatty  acids  were  determined  as  described 
by  Haskins/ 1961). 

Toxicity  in  Mice  and  Rabbits 

Swiss  Webster  Mice  (Texas  Inbred  Mice)  were  injected  intraperitoneally 
with  125,  250,  500,  and  1,000  jug  of  lyophilized  endotoxin  diluted  in  sterile 
distilled  water.  Groups  of  20  mice  were  used  for  each  dilution  and  a  sepa¬ 
rate  control  group  received  only  distilled  water.  Groups  of  6  rabbits  (1  to  2 
kg)  received  25,  100,  and  400  jug  amounts  of  lyophilized  endotoxin  intra¬ 
venously  as  well  as  a  distilled  water  control.  All  animals  were  of  mixed 
sex  and  selected  at  random.  They  were  housed  at  22  C  under  NIH  regulations 
governing  their  care.  Death  was  recorded  over  a  48  hr  period. 

Non-Specific  Resistance  in  Mice 

Groups  of  twenty  18-20  gram  mice  received  1.0,  0.5,  or  0.25  jug  of  lyo¬ 
philized  endotoxin  intraperitoneally  in  0.1  ml  of  sterile  distilled  water.  After 

24  hr  the  mice  were  challenged  with  0.1  ml  of  a  ten-fold  dilution  of  a  24  hr 
TSB  culture  of  Salmonella  typhimurium  (personal  isolate). 

Local  Shwartzman  Reaction 

Each  of  3  New  Zealand  white  rabbits  was  injected  intradermally  at 
separate  sites  with  25, 50,  and  100  jug  amounts  of  A.  shigelloides  endotoxin 
contained  in  0.1  ml  of  sterile  distilled  water.  A  control  injection  of  0.1  ml  of 
sterile  culture  medium  was  also  given  intradermally  on  the  shaved  abdomen 
of  the  animal.  After  24  hr,  each  animal  was  given  an  intravenous  injection  of 

25  jug  of  the  endotoxic  material  in  sterile  distilled  water.  The  intradermal  sites 
of  injecition  were  inspected  for  24  hr. 

Antigenicity  in  Rabbits 

Rabbits  which  survived  the  toxicity  study  were  given  3  addition  25  jug  sub- 
lethal  injections  of  endotoxin  intramuscularly.  After  one  week’s  rest  an  addi- 
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tional  injection  (in  Freund’s  complete  adjuvant)  was  given  intramuscularly. 
At  the  end  of  2  weeks,  the  animals  were  bled  and  the  serum  tested  in  gel  dif¬ 
fusion  plates. 

Biphasic  Pyrogenic  Response  in  Rabbits 

Rabbits  used  in  this  study  were  chosen  regardless  of  sex  and  each  had  been 
previously  checked  for  temperature  stability  using  the  equipment  and  condi¬ 
tions  of  the  experiment.  Two  pg  of  lyophilized  endotoxin  contained  in  0.1 
ml  of  sterile  distilled  water  were  injected  intravenously  into  each  of  four  2-3 
kg  rabbits.  Additionally,  4  control  animals  were  given  0.1  ml  of  sterile  dis¬ 
tilled  water  intravenously.  During  the  experiment,  room  temperature  was 
maintained  constant  and  extraneous  noise  and  movement  held  to  a  minimum. 
Temperature  response  was  taken  with  a  rectal  remote  electronic  thermome¬ 
ter  at  15  min  intervals  for  the  first  4  hr,  at  Vi  hr  intervals  for  the  next  2  hr, 
and  at  one  hr  intervals  for  the  final  2  hr.  The  thermometer  probe  was  not  re¬ 
moved  during  the  entire  measurement  period. 

RESULTS 

Chemical  Analysis 

The  values  determined  by  the  chemical  analysis  of  lyophilized  endotoxin 
of  A.  shigelloides  agree  quite  well  with  values  obtained  with  other  bacterial 
lipopolysaccharides  (Albizo,  et  al.,  1970).  The  values  express  in  %  of  lyophi¬ 
lized  endotoxin  are  seen  in  Table  1. 


Table  1 

Chemical  Analysis  of  A.  shigelloides  Endotoxin 


Analysis 

%  age  of  lyophilized  weight 

Protein 

2.2 

Phosphorus 

1.8 

Neutral  Hexoses  (e.g.  glucose) 

26.1 

Hexosamine  (e.g.  glucosamine-HCl) 

18.3 

Esterified  and  amide-linked  fatty  acids 
(e.g.  tripalmitin) 

20.6 

Nitrogen 

3.6 

Undetermined 

27.3 

Toxicity  in  Mice  and  Rabbits 

A.  Shigelloides  endotoxin  was  lethal  to  both  mice  and  rabbits  at  doses  com¬ 
parable  to  classic  endotoxins  (Burrows,  195  1).  The  LDS  0  for  mice  and  rabbits 
was  29 1  jug  and  8 1 2  pg  respectively .  The  titration  data  for  the  toxicity  studies 
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are  shown  in  Table  2.  Symptoms  in  the  mice  before  death  were  similar  to 
those  reported  with  classic  endotoxins  (Burrows,  1951).  These  included  weak¬ 
ness,  cyanosis,  and  a  general  lethargy  characteristic  of  many  toxemias. 


Table  2 

Toxicity  of  A  shigelloides  Endotoxin 


Animal  and  route 
of  injection 

Amount  of  Endotoxin 
injected 

Mortality 

LDS0 

Mg 

Mg 

Mouse  (IP) 

125 

6/20* 

250 

8/20 

291 

500 

14/20 

1000 

20/20 

Rabbit  (IV) 

25 

0/6 

100 

4/6 

81.2 

400 

6/6 

*Mice  dead/mice  inoculated. 


Induction  of  Non-specific  Resistance 

Mice  injected  with  0.5,  1,  or  2  jug  of  endotoxin  extract  developed  resistance 
to  challenge  with  virulent  S.  typhimurium.  Table  3  shows  the  results  of  the 
study  and  indicated  that  the  lowest  amount  (0.25  jug)  did  not  confer  any  re¬ 
sistance.  Of  the  control  mice,  only  8  out  of  20  survived  the  challenge  with 
S.  typhimurium. 


Table  3 

Induction  of  Rapidly  Acquired  Resistance  in  Mice  to  Bacterial3  Challenge 


Injected  Material 

Mortality 

Sterile  Distilled  Water 

8/20b 

A.  shigelloides  Endotoxin  (jUg) 

2 

18/20 

1 

16/20 

0.5 

10/20 

0.25 

4/20 

a&  typhimurium 

bMice  surviving/mice  inoculated. 


372 


THE  TEXAS  JOURNAL  OF  SCIENCE 


All  3  of  the  injected  rabbits  responded  to  the  intradermal  (ID)  and  sub¬ 
sequent  intravenous  (IV)  challenge  with  A  shigelloides  endotoxin  by  reacting 
in  the  expected  manner.  Approximately  6  hours  after  IV  injection,  the  skin 
surrounding  the  site  of  the  \00  fig  ID  injection  became  hemorrhagic  and  slighty 
raised  as  in  the  classic  localized  Shwartzman  reaction.  Areas  containing  the  50 
and  25  pg  ID  injections  showed  this  to  a  lesser  but  discernable  degree.  The 
control  area  did  not  react. 

Antigenicity 

Ouchterlony  double  diffusion  of  the  endotoxin  and  the  rabbit  antiserum 
revealed  1  faint  line  of  precipitation.  While  faint,  this  band  was  nonetheless  a 
distinct  line  of  precipitation  about  midway  between  the  wells  containing  anti¬ 
gen  and  antiserum. 

Biphasic  Temperature  Response 

Two  fig  of  A.  shigelloides  endotoxin  in  a  single  dose  elicited  a  2-peaked 
pyrogenic  response  in  all  animals  tested.  Figure  1  shows  the  graphic  representa¬ 
tion  of  the  response  in  both  experimental  as  well  as  control  animals.  Fever 
peaks  occurred  at  1.5  hours  and  at  4.5  hours.  The  highest  temperature  reached 
was  107  F  in  the  second  phase  and  this  returned  to  normal  by  8  hours.  Control 
animals  showed  no  deviation  in  their  response  over  the  entire  8-hour  test  period. 


Figure  1.  Biphasic  Temperature  Response  of  Rabbits  given  2  jug  of  A.  shigelloides 
Endotoxin.  The  points  plotted  represent  the  average  termperature  of  4  rab¬ 
bits.  O  —  O  curve  represents  the  temperature  response  of  rabbits  receiving 
endotoxin;  the  X  —  X  line  represents  sterile  distilled  water  control  animals. 
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DISCUSSION 

A.  shigelloides  is  being  more  frequently  recognized  as  an  important  agent 
of  human  disease.  Virulence  of  the  frank  pathogens  such  as  Shigella  and  Sal¬ 
monella  are  in  part  attributable  to  the  release  of  endotoxin  (Zinsser,  1964). 
Other  facultative  pathogens,  in  which  A.  shigelloides  must  be  considered,  may 
also  derive  their  virulence  from  the  production  and  release  of  endotoxin.  This 
study  has  revealed  a  cell  extract  with  biological  and  chemical  properties  similar 
to  classical  endotoxins. 

Extraction  of  A.  shigelloides  cells  by  the  TCA  method  (Nowotny,  1969) 
produced  an  extract  which  was  toxic  to  mice  upon  intraperitoneal  injection 
and  to  rabbits  upon  intravenous  injection.  The  LDS0  for  mice  was  291  pg 
and  generally  corresponds  to  the  lethal  dosages  of  Shigella  flexneri  endotoxin 
which  is  given  by  Burrows  (195  1)  as  being  0.2  to  0.5  mg.  Milner,  et  al.,  (1971) 
calculate  the  LDS  0  for  18-20  gm  mice  as  420  jug.  They  point  out  further  that 
mice  are  more  resistant  to  the  lethal  effects  of  endotoxins  than  are  rabbits. 
Our  data  bear  this  out  in  that  the  LD5  0  for  rabbits  was  81.2/xg  per  3  kg  animal 
which  compares  favorably  to  Milner’s  dose  of  70.2  p g  per  3  kg  rabbits  (Milner, 
etal,  1971). 

In  this  study,  the  experimental  protective  dose  for  one  half  the  animals 
(EDS0)  was  calculated  as  0.5  /ig,  a  value  comparable  to  the  range  found  in 
classical  endotoxins.  Ribi,  et  al,  (1964)  have  found  that  amounts  ranging  from 
3.2  to  0.27  jug  represent  the  ED50  of  Salmonella  typhosa  endotoxin  extracted 
by  the  phenol  water  method. 

Local  tissue  reactivity,  the  Shwartzman  reaction,  is  not  specific  for  endo¬ 
toxins.  It  has  been  reported  that  a  variety  of  materials  including  Gram  positive 
cell  wall  extracts  may  serve  as  a  stimulating  agent  (Milner,  et  al,  1971).  Gen¬ 
erally,  only  endotoxin  can  participate  in  the  skin  preparatory  phase  of  the 
reaction.  The  animals  given  100  pg  intradermally  and  then  stimulated  after 
24  hours  by  an  intravenous  injection  of  A.  shigelloides  endotoxin  responded 
with  a  typical  Shwartzman  reaction.  While  this  is  not  a  specific  test  for  endo¬ 
toxin,  taken  with  others  it  lends  credence  to  the  fact  that  the  TCA  extract  of 
A.  shigelloides  behaves  as  an  endotoxin. 

Burrows  (1951)  reports  that  without  exception  the  TCA  extracts  (Boivin 
antigens)  of  enteric  bacteria  have  been  found  to  be  complete  antigens  and 
identical  with  the  somatic  antigens.  Titers  of  1: 100,000  have  been  found  fol¬ 
lowing  immunization  with  purified  endotoxins  (Burrows,  195  1).  The  prepara¬ 
tion  reported,  while  not  purified  to  any  extent,  was  antigenic  as  demonstrated 
by  Ouchterlony  double  diffusion. 

Perhaps  the  most  characteristic  property  of  an  endotoxin  isitspyrogenicity. 
This  fever  reaction  is  unique  in  rabbits  as  it  typically  involves  a  biphasic  re¬ 
sponse  of  a  first  peak  followed  by  a  second  even  higher  peak.  This  temperature 
reaction  to  endotoxin  is  brought  on  by  as  little  as  0.004  pg  (Milner,  et  al, 
1971).  A.  shigelloides  endotoxin  elicited  well-defined  2-phase  temperature 
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rises  in  rabbits  at  dosages  of  2  jug.  This,  coupled  with  the  previous  reports  of 
lethality,  non-specific  protection  and  antigenicity, indicate  biological  reactions 
associated  with  and  produced  by  endotoxins.  With  the  establishment  of  the 
similarity  of  biological  action,  the  role  of  this  endotoxin  in  the  pathogenicity 
of  A.  shigelloides  as  a  typical  agent  of  gastroenteritis  similar  to  the  enteric 
bacteria  is  established  to  a  greater  degree. 

With  these  similarities  established  between  A.  shigelloides  and  the  enteric 
bacteria,  the  question  of  an  endotoxin  with  classical  biological  properties 
arises.  This  paper  establishes  the  existence  of  a  toxic  extract  of  A.  shigelloides 
with  biological  and  chemical  properties  similar  to  those  of  other  endotoxins. 
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ABSTRACT 


The  Chemistry  Department  and  the  Anthropology  Division  at  Highlands  University 
have  collaborated  in  studying  a  Pueblo  Indian  site  on  the  Rio  Tecolote  near  Las  Vegas, 
New  Mexico.  Ion  exchange  dating  of  the  sediment  gives  an  age  for  the  sediment  of  550+ 
110  years.  This  indicates  that  the  upper  limit  on  the  time  for  the  cultural  settlement  of 
the  site  is  about  660  years.  Thus  man  could  not  have  begun  to  use  the  area  before  about 
1300  A.D. 

The  archeological  data  collected  from  the  Tecolote  site  indicates  a  Pueblo-like  cul¬ 
ture  dating  between  1100  and  1400  A.D.  The  lowest  horizon  of  cultural  material, 
in  immediate  contact  with  the  sterile  soil  stratum,  shows  indications  of  a  first  human 
occupation  of  the  site  within  the  time  span  of  1300  to  1350  A.D. 

ION  EXCHANGE  DATING  OF  SEDIMENT 

Ion  exchange  dating  of  arid  zone  sediments  was  first  proposed  by  Schufle 
and  Hassan  (1963).  The  method  has  been  developed  and  tested  in  a  number 
of  different  areas  (Schufle,  et  al. ,  1966;  Schufle,  Brassell,  1969  &  1970; 
Mortimer,  et  al. ,  1971;  Yorks,  1971). 

The  formula  for  ion  exchange  age  of  a  sediment  is  (Schufle,  1970): 


vp(l-r)  (1) 

K  =  distribution  coefficient  for  Na  and  K  on  soil 


Presented  in  Abstract  Form  at  the  Symposium  on  Deserts  and  Arid  Lands,  Meeting  of 
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Ciencia  y  Technologia,  Mexico  City,  20  June  to  4  July,  1973. 
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(approximately  30  ml/g.) 
w  =  mass  of  1  acre -foot  of  soil  (3xl09g.) 
d  =  depth  of  peak  in  cation  concentration, 
v  =  volume  of  1  acre-foot  of  water  (1.25xl09  ml.) 
r  =  fraction  of  rainfall  lost  to  runoff  and  evapo- 
transpiration  (est.  90%). 

p  =  average  rainfall  (17  in/yr  in  Rio  Tecolote  area). 

The  sediment  along  the  Rio  Tecolote,  near  Tecolote,  New  Mexico,  has  a 
well  developed  terrace  which  sits  about  15-20  ft  above  the  water  level  in  the 
river.  The  data  for  sodium  concentration  in  this  sediment  are  shown  as  a  func¬ 
tion  of  depth  in  Fig.  1.  Data  for  potassium  show  a  similar  peak.  The  upper 
peak  occurs  at  a  depth  of  about  33  cm  (13  in),  in  the  average  of  the  sodium 
and  potassium  peaks.  The  lower  peak  is  believed  to  be  due  to  upward  move¬ 
ment  of  water  from  the  water  table,  and  is  not  considered  in  our  calculation. 

The  age  of  the  Tecolote  sediment  is  calculated  as  follows  from  equation 

(1): 

Ay=  (30 ml/g) (3  x  109g.)(13in)  =550yrs 

{1.25  x  109  ml.)  (17in/yr)  (1—0.90) 

We  have  estimated  that  there  is  a  standard  error  of  ±  20%  in  the  ion  ex¬ 
change  dating  method.  The  age  of  the  Rio  Tecolote  sediment  can  then  be 
given  as  550±  1 10  yr.  This  puts  an  upper  limit  of  660  yr  on  the  age  of  the  se¬ 
diment.  Thus  no  Indian  settlement  now  existing  could  have  been  built  on  this 
sediment  prior  to  about  1300  A.D. 

THE  TECOLOTE  RUIN 

The  Tecolote  Ruin  is  located  11  mi  southwest  of  Las  Vegas,  New  Mexico 
and  about  1  mi  southeast  of  the  present  village  of  Tecolote.  This  pueblo 
site  is  situated  immediately  adjacent  to  the  Tecolote  Creek;  it  sits  directly  on 
top  of  the  sediment  dated  by  ion  exchange.  This  pueblo  displays  many  of  the 
cultural  features  typical  of  Pueblo  III  and  Pueblo  IV  cultures  of  the  prehis¬ 
toric  upper  Rio  Grande. 

The  published  literature  concerned  with  the  Tecolote  Ruin  gives  no  indi¬ 
cation  that  the  investigators  attempted  to  suggest  a  time  when  the  first  inha¬ 
bitants  might  have  settled  on  this  river  terrace.  Most  of  the  inferences  regard¬ 
ing  time  of  occupation  are  very  general  at  best  and  often  refer  to  cultural 
stages  and  do  not  necessarily  infer  chronology.  Ferguson  (1933)  did  venture  a 
general  date  in  years  from  her  observations  of  trade  ware  ceramics  at  Teco¬ 
lote,  but  which  originated  in  the  Little  Colorado  and  San  Juan  drainages  to 
the  far  west.  She  suggested  a  date  prior  to  1200  A.D. 

The  following  ceramics  data  are  derived  from  controlled  archeological  ex- 
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cavations  at  Tecolote  during  the  past  2  years.  An  analysis  was  made  of  the 
painted  trade  ware  ceramic  sherds  excavated  from  the  lowermost  stratigra¬ 
phic  horizon  of  only  1  of  10  site  mounds.  This  horizon  extends  from  the 


Equiv./lOO  g  x  10^ 

Figure  1.  Data  for  sodium  concentration  in  the  Rio  Tecolote  sediment  as  a 
function  of  depth. 


contact  point  with  the  sterile  river  terrace  soil  upward  for  about  30  cm  (the 
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overall  depth  of  cultural  debris  is  about  130  cm). 

The  painted  trade  ware  ceramics  from  this  lower  horizon  are  representa¬ 
tive  of  4  well-documented  ceramic  types  found  in  the  American  Southwest  in 
prehistoric  and  early  historic  times.  These  types  include  Wiyo  Black-on- 
White,  Galisteo  Black -on-White,  St.  John’s  Polychrome  and  Santa  Fe  Black- 
on -White.  These  are  considered  trade  wares  originating  among  the  Pueblo  cul¬ 
tures  to  the  west  and  diffused  to  peripheral  peoples  including  the  cultures  liv¬ 
ing  as  far  east  as  the  Tecolote  area.  Figure  2  shows  the  4  ceramic  types  found 
in  the  lower  horizon  at  Tecolote  arranged  in  a  manner  comparable  to  a  dating 
study  prepared  by  Bice  and  Sundt  (1972).  The  earliest  probable  date  for  Tec¬ 
olote  pueblo  culture  inhabitants  is  derived  from  Wiyo  and  Galisteo  types.  Ac¬ 
cording  to  Stubbs  and  Stalling  (1953)  the  first  appearance  of  Wiyo  is  about 
1 300  A.D.  Galisteo  ceramic  type  shows  a  similar  time  of  origin— about  1300  AD. 
with  supportive  tree-ring  dates  at  indigenous  sites. 


Figure  2 

Dating  of  Tecolote  Ruin  bv  Painted  Trade  Ware  Ceramics 

(Adopted  from  Bice  and  Sundt,  1972) 


Legend: 

— - - date  range  by  person  noted 

t - 1  best  range  of  tree  ring  dates  from  indigenous  sites. 

tt - — tt  best  range  of  tree  ring  dates  from  trade  sites. 

- range  outside  best  range. 

date  range  of  initial  occupation  of  Tecolote  Ruins. 


The  latest  date  of  possible  initial  occupation  of  Tecolote  is  less  precise. 
Here  St.  John’s  Polychrome  and  Santa  Fe  ceramic  types  are  relevant.  Carlson 
(1970)  says  that  St.  John’s  Polychrome  persists  only  a  few  years  after  1300 
A.D.  Tree-ring  dates  are  poor  for  St.  John’s  Polychrome  ceramics  at  indigen¬ 
ous  sites  but,  however  have  yielded  acceptable  dates  at  trade  sites.  Most  of 
these  dates  suggest  a  termination  of  St.  John’s  Polychrome  ware  about  1300 
A.D.  Even  though  it  may  not  have  been  manufactured  many  years  after  1300 
A.D.,  such  wares  would  continue  to  be  used  by  the  possessors  for  possibly  a 
generation  or  more.  If  the  1300  A.D.  date  is  accepted  as  the  latest  time 
period  of  manufacture  of  this  ware  then  it  seems  reasonable  to  suggest  that  it 
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persisted  in  use  for  not  more  than  50  yr  or  until  about  1350  A.D.  Santa  Fe 
Black-on-White  ceramic  type  was  probably  made  until  about  1350  A.D. 
(Stubbs  and  Stalling,  1953),  a  date  that  is  upheld  by  tree-ring  dating  at  indi¬ 
genous  sites  but  is  lacking  at  trade  sites. 

CONCLUSIONS 

By  studying  the  painted  trade  ware  ceramics  excavated  from  the  lowest 
cultural  horizon  of  the  Tecolote  Ruin  it  is  suggested  that  the  first  inhabi¬ 
tants  moved  to  the  site  no  earlier  than  1300  A.D.  and  no  later  than  1350 
A.D.  Thus  there  seems  to  be  substantial  agreement  between  the  date  of  1300 
A.D.  for  the  earliest  deposition  of  the  sediment  determined  from  ion  ex¬ 
change  dating  of  the  sediment  itself  and  the  dates  of  1300-1350  A.D.  for  the 
earliest  of  the  ruins  situated  on  top  of  the  sediment. 

We  believe  this  study  shows  that  the  ion  exchange  dating  method  of  Schu- 
fle  and  Hassan  for  dating  arid  zone  sediments  has  considerable  merit  for  use 
in  dating  archeological  sites  in  arid  regions. 
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EFFECTS  AT  SMALL  CITIES  IN  A  SUBTROPICAL 
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ABSTRACT 

This  paper  demonstrates  the  relationship  existing  between  the  size  of  a  town  or  city 
(based  upon  1970  population),  and  the  magnitude  of  the  urban  heat  island  it  produces  in 
a  subhumid  subtropical  environment.  This  is  done  by  analysis  of  data  gathered  by  auto¬ 
mobile  traverses  through  13  settlements  in  South  Texas,  whose  populations  range  from 
250  to  31,000  inhabitants.  The  results  show  (1)  definite  heat  island  occurrence  at  the 
towns  and  cities  studied,  (2)  positive  correlation  between  city  size  and  heat  island  magni¬ 
tude,  and  (3)  strong  heat  island  control  exerted  by  prevailing  weather  conditions.  These 
conclusions  are  compared  with  previously  published  data. 


INTRODUCTION 

Urban  atmospheres  are  usually  warmer  than  those  of  adjacent  rural  areas, 
especially  at  night  and  during  the  winter  (Landsberg,  1956).  The  mean  annual 
temperature  excess,  based  upon  data  for  a  number  of  relatively  large,  mid¬ 
latitude  cities,  is  about  1. 0-2.5  F.  This  phenomenon,  sometimes  called  the 
“urban  heat  island,”  has  been  observed  in  many  cities,  large  and  small,  lit¬ 
toral  and  continental,  and  in  rugged  and  flat  terrain (Norwine,  1970, 1971  and 
1975).  The  2  primary  causes  of  the  heat  island  are  the  influence  of  fuel  con¬ 
sumption  (particularly  in  winter)  and,  therefore,  heat  rejection,  and  the  effi¬ 
cient  storage  of  solar  energy  during  the  day. 

As  yet,  one  question  pertaining  to  the  heat  island  remains  unsolved,  and 
that  is  the  relationship  between  city  size  and  intensity  of  heat  island  develop¬ 
ment.  A  limited  number  of  studies  of  small  cities,  villages  and  even  isolated 
building  complexes  have  been  conducted,  with  mixed  results  (Hutcheon  et 
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al,  1967;  Kopec,  1970;  Norwine,  1973).  Two  theories  presently  dominate 
the  literature.  Some  authorities  propose  that  there  is  a  linear  relationship  be¬ 
tween  “urbanness”  (city  size)  and  heat  island  effect.  Others  suggest  that  the 
merging  “heat  envelopes”  of  individual  buildings  may  often  produce  persis¬ 
tent  heat  islands  at  towns  which  are  no  more  than  mere  crossraods,  thus 
obviating  the  need  for  a  city -size  control  (Sharon,  1972). 

It  was  the  purpose  of  this  investigation  to  determine  the  applicibility  of 
these  approaches  to  a  number  of  small  cities  in  South  Texas.  Such  a  study 
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was  considered  to  be  particularly  desirable,  as  urban  climatologists  have  rare¬ 
ly  dealt  with  settlements  located  in  subhumid,  subtropical  environments.  Spe¬ 
cifically,  3  questions  were  to  be  raised:  (1)  do  these  cities  manifest  heat  is¬ 
lands?  (2)  if  so,  is  the  intensity  of  the  heat  island  effect  related  to  meteoro¬ 
logical  condition  or  season?  and,  (3)  what  is  the  relationship  between  city  size 
and  the  heat  island? 

In  this  study  the  urban  heat  island  was  measured  for  a  range  of  city  sizes 
in  such  a  way  as  to  keep  non-urban  climatic  controls  “constant.”  (Figure  1). 
Thus,  air  temperatures  were  monitored  by  an  instrumented  automobile  which 
travelled  through  13  towns  and  cities  located  on  a  flat,  homogenous  plain.  It 
was  thereby  insured  that  only  urban  and  prevailing  meteorological  influences 
would  affect  the  thermal  data. 

SURVEY  AREA  AND  METHODS 

The  survey  cities  were  located  on  the  Gulf  Coastal  Plain  of  South  Texas, 
near  Latitude  27°  North,  Longitude  98°  West  (Table  1).  This  region  is  nearly 
flat,  covered  with  mainly  xerophytic  vegetation,  and  is  characterized  by  a 
subhumid  to  semiarid  subtropical  climate.  This  is  mostly  ranch  land  used  for 
cattle  grazing. 

Air  temperatures  were  measured  with  a  thermister  device  mounted  at  a 
height  of  1  m.  above  the  hood  of  an  automobile.  The  sensing  element  was  not 
shielded,  as  only  nocturnal  traverses  were  made;  it  was  aspirated  by  the  mo¬ 
tion  of  the  auto.  The  unit  was  periodically  calibrated  for  accuracy.  Tempera¬ 
tures  were  estimated  to  the  nearest  0.1  F.  An  observer  within  the  vehicle  read 
the  values  from  a  dial  and  preserved  them  at  pre-determined  points  by  means 
of  a  portable  tape  recorder. 

Table  1 

Cities  included  in  heat-island  study. 


City 

(1970) 

Population 

Kingsville 

28,711 

Alice 

20,121 

Robstown 

11,217 

Falfurrias 

6,355 

San  Diego 

4,490 

Hebbronville 

4,079 

Bishop 

3,466 

Premont 

3,282 

Benavides 

2,112 

Aqua  Dulce 

742 

Driscoll 

626 

Banquete 

449 

Realitos 

240 
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The  car  moved  at  an  average  speed  of  60  miles  per  hour  between  the  cities, 
and  20  miles  per  hour  within  them.  The  research  unit  left  Kingsville  at  2300 
hours  and  returned  at  approximately  0230  each  night.  The  sampling  traverse 
route  was  185  miles  long;  it  took  approximately  3lA  hours  to  complete. 

The  urban  heat-island  effect  (°F  )  was  considered  to  be  the  difference  be¬ 
tween  the  highest  urban  temperature  and  the  background  rural  value.  The 
rural  value  was  calculated  as  the  average  of  6  measurements  made  at  distances 
of  3  miles,  1  mile  and  at  the  “edge”  of  the  city,  on  either  side  of  it.  The 
Kingsville  heat  island  was  sampled  at  the  beginning  and  at  the  end  of  each 
traverse,  and  the  mean  of  the  2  was  used. 

A  total  of  14  surveys  were  conducted  (Table  2):  8  in  the  winter/spring  sea¬ 
son  (February-April,  1973)  and  6  during  the  summer  (July  and  August, 
1973).  On  8  nights  “favorable”  meteorological  conditions  prevailed  (that  is, 
less  than  1/10  cloud  cover  and  mean  wind  speed  below  7  knots),  and  on  6 
occassions  the  weather  was  “unfavorable”  for  heat-island  development  (cloud 
cover  >1/10  and/or  wind  speed  >  7  knots).  Hourly  meteorological  data  were 
obtained  from  the  Kingsville  Naval  Air  Station,  located  2  miles  east  of  the 
city  of  Kingsville. 

Table  2 

Sampling  nights.a 


Season  Meteorological  Conditions 


Winter/Spring 

Summer 

Clear /Calmb 

Cloudy  !  Windy0 

February  9 

July  28 

February  9 

March  6 

February  15 

July  30 

February  15 

March  20 

March  6 

August  1 

March  16 

April  11 

March  16 

August  3 

March  24 

July  30 

March  20 

August  5 

March  31 

August  1 

March  24 

August  8 

July  28 

August  8 

March  31 

August  3 

April  1 1 

August  5 

aTotal  of  14  nights  in  1973,  sampling  between  2300  and  0300  CST/CDT; 

bcloud  cover  under  1/10,  mean  wind  speed  below  7  knots; 

ccloud  cover  greater  than  1/10  and/or  mean  wind  speed  over  7  knots. 

RESULTS:  URBAN  HEAT  ISLANDS 

It  was  earlier  observed  that,  while  numerous  climatological  studies  have 
been  made  of  great  middle  latitude  cities  like  Chicago  and  London,  very  few 
reports  on  small  subtropical  cities  may  be  found  in  the  literature.  Because  of 
this,  and  especially  because  of  the  nature  of  the  climate,  landscape,  and  settle- 
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ments  of  South  Texas,  it  would  not  have  been  surprising  to  find  heat  island 
phenomena  to  be  limited  or  nonexistent  here.  In  other  words,  should  urban 
heat  islands  be  expected  in  a  region  in  which  wintertime  residential  heating  is 
quite  limited  and  where  there  are  few  large  industrial  plants?  Based  upon  our 
research  to  date,  the  answer  seems  to  be  definitely  affirmative. 

Table  3  and  Figure  2  illustrate  several  important  findings.  First,  heat  is¬ 
lands  do  exist  at  all  of  these  cities,  even  the  smallest,  in  all  seasons  and  wea¬ 
ther  conditions.  The  mean  heat  island  intensity  (or  “effect”)  for  all  13  cities 


Table  3 

Mean  urban  heat-island  effect  under  varying  seasonal  and  meteorological  conditions: 
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c8  sampling  nights,  February  9-April  11,  1973;  d6  sampling  nights,  July  28-August  8,  1973;  e8  sampling  nights  (5  in  winter/spring,  3  in  summer) 
when  cloud  cover  <C  1/10  or  wind  speed  <7  knots;  %  sampling  nights  (3  in  winter/spring,  3  in  summer)  when  cloud  cover  >  1/10  or  wind  speed 
>  7  knots. 
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under  all  conditions  was  1.86  F.  Secondly,  this  phenomenon  is  far  better 
manifested  in  the  winter/spring  season  than  in  the  summer:  the  mean  winter/ 
spring  effect  was  2.58  F  (Figure  3)  as  opposed  to  0.82  F  in  the  summer  (Fig¬ 
ure  4).  At  Kingsville,  the  largest  city,  there  was  a  difference  of  3.68°,  from 
5.17°  in  winter/spring  to  1.49°  in  summer.  Thirdly,  the  meteorological  fac¬ 
tor  exerts  a  strong  controlling  influence.  The  average  heat-island  value  was 
2.08°  under  clear/calm  skies  (Figure  5),  but  only  1.49°  when  it  was  either 
cloudy  or  windy  (Figure  6).  In  fact,  at  the  smaller  towns,  such  as  Realitos 
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and  Agua  Dulce,  the  heat  island  seems  to  have  been  effectively  destroyed 
under  the  latter  conditions. 

Kingsville  exhibits  the  greatest  effect  and  the  micro-settlements  of  Realitos 
and  Banquete  are  at  the  bottom  of  the  scale  in  every  case.  Nonetheless,  it  was 
impossible  to  draw  definite  conclusions  about  the  relationship  without 
further  testing.  For  this  reason,  a  series  of  statistical  tests  were  performed,  by 
means  of  which  the  precise  correlation  between  city  size  (population)  and 
heat-island  effect  (F)  was  obtained  (Table  4).  (It  should  be  stated  that  popu- 
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lation  is  a  simple,  rather  crude,  but  reasonably  accurate  surrogate  of  city  size 
or  “urbanness.”) 

Table  4  shows  a  correlation  coefficient  (r)  of  0.86  between  population  and 
mean  heat  island  intensity,  as  calculated  for  all  14  nights.  The  coefficient  of 
determination,  r2,  was  0.74,  meaning  that  74%  of  the  variance  within  the 
variable  “heat  island  effect”  may  be  attributed  to  city  population.  In  addi¬ 
tion,  larger  r’s  are  found  in  the  winter/spring  season,  and  under  clear/calm 
conditions,  than  in  the  summer  and  when  it  was  cloudy  or  windy.  Clearly, 
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heat  island  intensity  is  here  a  function  of  city  size.  This  relationship  is  espe¬ 
cially  impressive,  considering  that:  (a)  population  may  not  be  the  best  mea¬ 
sure  of  city  size:  (b)  4  very  small  se ttlements-unde r  1 ,000  inhabitants-were 
included;  and  (c)  this  type  of  geographical  and  climatic  region  has  been  pre¬ 
viously  overlooked  by  most  urban  climatologists. 
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Table  4 


Correlation  coefficients:  mean-heat-island  effect  and  urban  population,  according  to 
season  and  prevailing  weather  conditons. 


Statistical 
Relationship 
Between 
H.I.E.  and 
Population 

All 

observations: 

14 

Nights 

Combined 

Winter/Spring 

Season 

Only 

Summer 

Season 

Only 

Clear/ 

Calm 

Conditions 

Only 

Cloudy/ 

Windy 

Conditions 

Only 

ra 

0.86 

0.86 

0.79 

0.85 

0.79 

Sy 

0.43 

0.60 

0.23 

0.50 

0.36 

r2b 

0.74 

0.74 

0.63 

0.73 

0.63 

ar  =  Pearson  product-moment  coefficient  of  correlation;  Sy  =  standard  error  of  the 
estimate; 

br2  =  coefficient  of  determination. 


COMPARISON  WITH  OTHER  CITIES  AND 
GEOGRAPHICAL  LOCATIONS 

Finally,  the  results  of  the  present  study  were  compared  with  those 
reported  by  other  workers  for  various  geographical  regions.  First,  we  may 
again  review  the  leading  hypotheses  concerning  the  relationship  between  city 
size  and  heat  island  development: 

(1 )  No  direct  linear  relationship.  According  to  Chandler  (1962,  1964)  and 
others,  no  linear  or  even  proportional  relationship  exists  between  a  city’s  size 
and  the  intensity  of  its  heat  island.  This  theory  has  been  supported  by  the 
finding  of  strong  heat  islands  (4-13  F)  at  cities  with  as  few  as  12,000  inhabi¬ 
tants,  and  even  at  isolated  building  complexes  such  as  shopping  centers  (Seki- 
guti,  1964;  Norwine,  1973).  The  suggestion  here  is  that  “heat  envelopes”  may 
be  generated  even  between  2  solitary  buildings  in  the  open  country,  an  effect 
that  may  be  cummulatively  reinforced  in  urban  units  of  increasing  density 
and  size  (Sharon  and  Koplowitz,  1972). 

(2)  Positive  linear  or  near-linear  relationship.  Most  urban  climatologists 
have  long  held  that  the  magnitude  of  a  heat  island  is  dependent  upon  the  size 
of  the  urban  area  which  creates  it  (Landsberg,  1968).  Some  of  the  most 
recent  research  supportive  of  this  theory  has  been  that  done  by  Oke  (1972). 

In  Table  5,  a  comparison  is  made  of  the  correlation  between  city  popula¬ 
tion  and  heat  island  effect  as  reported  in  this  study  and  several  analyses  of 
Oke  (1972).  It  is  seen  that  the  results  are  similar,  perhaps  unexpectedly  so, 
considering  that  the  cities  in  South  Texas  are  much  warmer  year-round,  and 
less  industrialized,  than  many  of  those  studied  by  Oke  (e.g.,  Montreal,  Winni¬ 
peg  and  Corvallis).  It  is  also'  interesting  to  note  the  close  correspondence 
between  the  coefficients  for  the  cities  in  Texas  and  those  in  Europe,  quite 
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possibly  related  to  the  warmer  winters  (and,  hence,  lower  artificial  heat  re¬ 
leases)  in  these  locations  than  in  such  cities  as  Winnepeg,  Edmonton,  and 
Montreal. 


Table  5 

Comparison  of  relation  between  heat  island  effect  and  city  size  in 
South  Texas  and  in  other  geographical  locales. 


2 

Coefficient  of  Determination:  (r  ) 

Location  of  Group  of  Cities  City  Size  and  Heat-Island  Effect 

10  cities  and  villages, 

St.  Lawrence  Lowland, 

Quebec,  Canada3  0.97 

18  cities  located  in 

Canada  and  the  United  States*5  0.96 

1 1  cities  in  Europe0  0.74 

13  cities,  South  Texas^  0.74 

a1972  study  by  T.  R.  Oke,  cities  ranging  in  size  from  1100  to  2  million; 

^includes  10  Quebec  settlements  (above)  plus  Vancouver,  San  Francisco,  Winnipeg, 
Edmonton,  Hamilton,  San  Jose,  Palo  Alto,  Calif.,  and  Corvallis,  Ore.; 

cas  reported  by  Oke  (1972)  for  London,  Berlin,  Vienna,  Munich,  Sheffield,  Utrecht, 
Malmo,  Karlsruhe,  Reading,  Uppsala,  and  Lund; 

^present  study,  Norwine  and  Jones.  It  should  be  noted  that  r2  is  based  upon  urban  pop¬ 
ulation  in  this  study,  whereas  log  of  population  was  used  by  Oke  in  his  work. 

SUMMARY 

Two  dominant  facts  have  become  evident  as  a  result  of  this  investigation. 
First,  urban  heat  islands  do  exist  at  these  cities  and,  in  fact,  are  a  typical  attri¬ 
bute  of  their  immediate  atmospheric  environments.  Why  do  these  heat  islands 
exist?  Certainly  not  because  of  a  preponderance  of  industrial  complexes, 
power-generating  plants,  or  even  artificial  heat  rejection  during  the  cold  sea¬ 
son,  as  is  true  of  many  large  middle-latitude  cities.  Rather,  they  are  probably 
induced  by  the  combined  effect  of  heat  release  from  automobiles,  homes, 
residential  and  commercial  air  conditioners  and  laundromats:  and  by  the 
“shielding  effect”  of  buildings  and  vegetation  within  each  town.  While  the 
vegetative  cover  of  the  local  countryside  is  scrubby  and  sparse,  particularly 
in  winter,  allowing  rapid  noctural  terrestrial  heat  flux,  much  of  the  vegeta¬ 
tion  of  the  cities  retains  its  foliage  and  remains  green  all  or  most  of  the  year 
(e.g.,  palms,  magnolias,  and  citrus  trees).  In  that  regard,  one  important  mani¬ 
festation  of  winter-time  heat  islands  at  cities  such  as  Kingsville  and  Alice  is 
the  frequently-observed  propensity  of  exposed  tropical  plants  located  in  the 
cities  to  survive  through  many  winters  and  to  grow  to  large  sizes,  while  their 
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nearby  rural  counterparts  are  frequently  stunted  or  killed  by  freezes. 

In  addition,  it  was  determined  that  there  is  an  underlying  relation  be¬ 
tween  population  and  heat  island  effect.  This  relationship  is  not  precise  nor 
perhaps  linear,  but  it  is  there.  Much  further  work  on  this  problem  remains  to 
be  done.  It  should  be  most  interesting  to  see  if  either  additional  climatologi¬ 
cal  sampling  or  the  use  of  other  indices  of  city  size  (such  as  area,  or  total 
energy  consumption)  would  support  or  reject  these  preliminary  results. 
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PREPARATION  OF  DIMETHYL— 4,  4’— AZOXYDIBENZOATE; 
AN  ANOMALOUS  BENZOIN  CONDENSATION  REACTION 


by  DON  WALD  REP  and  B .  J .  YAGER 

Department  of  Chemistry ,  Southwest  Texas  State  University, 

San  Marcos  78666 

ABSTRACT 

Dropwise  addition  of  NaCN  in  aqueous  solution  to  an  equimoler  amount  of  p-nitro- 
benzaldehyde  in  refluxing  methanol  produced  a  yellow  precipitate  of  dimethyl-4,  4- 
azoxydibenzoate  in  high  yield  (90.5%)  and  purity.  The  initial  melting  point  of  201 
was  increased  to  204  by  washing  the  solid  with  water  and  acetone.  Acidification  of  the 
reaction  mixture  precipitated  p-nitrobenzoic  acid  (62%). 

Rapid  addition  of  the- NaCN  produced  an  undefined  red  gummy  precipitate  thought 
to  be  a  mixture  of  4,  4’-azoxydibenzoic  acid  and  p-nitrobenzoic  acid.  This  mixture  was 
also  obtained  when  solvents  other  than  methanol  were  used  (ethanol,  1-propanol,  2- 
propanol,  chloroform,  DMSO,  benzene,  toluene,  dioxane  and  carbon  tetrachloride) 
although  the  cyanide  was  added  dropwise. 

The  reaction  involves  a  6-electron  reductive  coupling  through  the  2  NO2  groups. 
Electrons  are  furnished  by  the  2-electron  oxidation  of  the  3  carbonyl  groups.  No  cyanide 
is  found  in  the  product  although  equivalent  amounts  are  required. 

INTRODUCTION 

An  attempted  benzoin  condensation  of  p-nitrobenzaldehyde  produced 
high  yields  of  dime thyl- 4, 4’- azoxy dibenzoate  and  p-nitrobenzoic  acid  instead 
of  4,  4’-dinitrobenzoin.  This  is  in  apparent  conflict  with  an  early  report  that 
p-nitrobenzaldehyde  refluxed  in  ethyl  alcohol  with  NaCN  yielded  azqbenzoic 
acid  andp-nitrophenyl  acetic  acid (Ide& Buck,  1948).  However,  the  technique 
used  in  this  research  involved  a  slight  modification  on  the  usual  benzoin  con-, 
densation  procedure  which  has  a  significant  effect  on  the  products  obtained. 

PROCEDURE 


In  a  typical  reaction,  3.0  g  (0.0198  moles)  of p-nitrobenzaldehyde  was  dis¬ 
solved  in  250  ml  of  refluxing  methanol.  One  gram  (0.020  moles)  of  NaCN 
dissolved  in  50  ml  of  water,  was  added  dropwise.  As  the  drops  entered  the 
solution,  a  dark  red  color  formed  which  quickly  faded  until  more  NaCN  was 
added.  Soon  a  yellow  precipitate  of  the  dimethyl  ester  appeared  and  more  be¬ 
came  evident  as  more  NaCN  was  added.  Reflux  was  continued  for  15  minutes 
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after  all  NaCN  was  added. 

The  yellow  precipitate,  removed  by  filtration  and  dried,  had  a  melting 
point  of  201.  (All  melting  points  are  uncorrected.)  Purification  by  washing 
with  water  and  acetone  increased  the  melting  point  to  204  and  changed  the 
color  to  an  orange -yellow.  The  compound  was  insoluble  in  most  organic  sol¬ 
vents;  it  is  slightly  soluble  only  in  chloroform  and  dioxane.  The  yield  was 
1 .8 1  g  (0.05 16  moles),  90.5%  of  theoretical. 

The  filtrate  was  acidified  to  precipitate  p-nitrobenzoic  acid.  This  com¬ 
pound  was  identified  by  its  melting  point  and  I.R.  spectra.  The  yield  of  the 
acid  was  0.685  g  (.0576  moles),  62%  of  theoretical. 

Identification  of  the  dimethyl  ester  of  4,  4’-azoxydibenzoic  acid  was  ac¬ 
complished  by  quantitative  elemental  analysis,  molecular  weight  determina¬ 
tion,  I.R.  and  nmr  spectra  analysis,  and  through  saponification  and  identi¬ 
fication  of  the  diacid. 

Molecular  weight  was  determined  by  vapor  phase  osmometry  to  be  309 
while  the  calculated  value  is  314.  Elemental  analysis  was  done  in  this  labor- 


atory  and  verified  by  outside  analysis  (Galbraith) 

Experimental 

as  follows: 

Calculated 

C 

60.90% 

61.14% 

H 

4.45% 

4.49% 

N 

8.55% 

8.91% 

O 

26.05% 

25.45% 

I.R.  absorption  peaks  are  as  follows:  3 1 10  (w),  3010  (w),  2960  (w),  1727  (s), 
1602  (m),  1460  (s),  1440  (s),  1410  (s),  1265  (s),  1 190  (m),  1110  (s),  1005 
(m),  950  (m),  905  (w),  855  (m),  795 (w),  765  (s),  685  (s),  5  10  (w),  475  (w), 
390  (w). 

The  nmr  spectra  (in  CDC13)  gave  2  signals:  a  singlet  at  t=  6.02,6  protons;  a 
quartet  at  t  =  1 .78, 8  protons.  This  spectra  is  consistent  with  the  structure  of 
the  diester. 

Saponification  of  the  dimethyl  ester  followed  by  acidification,  yields  4,  4’- 
azoxydibenzoic  acid  which  was  identified  by  the  melting  point  and  its  I.R. 
spectra  which  was  identical  to  that  of  Sadler  reference  spectra  #8961. 

DISCUSSION 

The  use  of  methanol  as  solvent  and  the  dropwise  addition  of  the  NaCN 
solution  seem  essential  for  synthesis  of  the  diester.  Other  alcohols  used  as 
solvents  (ethanol,  1 -propanol,  2 -propanol)  did  not  produce  any  ester.  Instead 
a  gummy  red  precipitate  was  formed  which  was  soluble  in  base  but  impossible 
to  purify.  It  was  thought  to  be  a  mixture  of  4,  4’-azoxydibenzoic  acid  and  p- 
nitrobenzoic  acid.  This  same  precipitate  was  also  obtained  using  other  sol- 
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vents;  dioxane,  DMSO,  toluene,  chloroform,  benzene,  and  carbon  tetrachlor¬ 
ide.  Also,  this  gummy  product  was  obtained  with  methanol  as  solvent  if  all 
the  NaCN  solution  was  added  at  one  time.  Thus  a  combination  of  factors 
seem  essential  for  production  of  the  diester:  (1)  a  small  alcohol  for  easy  ester¬ 
ification  and  (2)  slow  reaction  to  insure  time  for  esterification  before  the  acid 
is  precipitated. 

One  equivalent  of  NaCN  was  used  for  each  equivalent  of  p-nitrobenzalde- 
hyde  although  the  CN— 1  does  not  appear  in  the  overall  reaction  below: 


Some  HCN  is  lost  during  the  reflux  period  and  the  remainder  is  evolved  when 
the  filtrate  is  acidified  (CAUTION). 

The  reaction  involves  a  6-electron  reduction  of  the  2  nitro  groups  to  the 
azoxy  group.  The  electrons  are  supplied  by  the  2-electron  oxidation  of  3  alde¬ 
hyde  groups.  No  mechanism  is  postulated  at  this  time  as  to  whether  the  re¬ 
duction  is  both  intra-  and  inter-molecular  or  all  inter-molecular.  The  role  of 
the  CN~ 1  is  presently  under  study. 
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CASCADED  BINARY  STATE  MACHINES— A  machine  may  be  defined  as  an  elec¬ 
trical  and  mechanical  system  that  is  capable  of  being  in  one  or  more  states.  A  machine 
may  be  excited  by  any  one  of  a  finite  number  of  different  inputs  which  will  send  the 
machine  to  one  of  a  finite  number  of  different  states  with  one  of  a  finite  number  of  differ¬ 
ent  outputs.  Machines  are  said  to  be  cascaded  if  the  output  of  one  machine  serves  as  the 
input  to  another  machine. 

Binary  state  machines  are  those  that  may  be  in  either  one  or  two  states.  Examples 
of  such  machines  are  incandescent  light  bulbs  that  may  be  on  or  off,  valves  that  may  be 
open  or  closed. 

We  wish  to  describe  mathematically  a  network  of  n  arbitrarily  connected  binary  state 
machines  Mi ,  M2  ,  .  .  .  ,  Mn.  Each  machine  has  a  normal  state  0  with  output  0.  When  ex¬ 
cited  it  assumes  state  1  with  output  1  forT  seconds.  At  the  end  of  T  seconds,  the  machine 
resumes  state  0  and  will  excite  one  or  more  machines  or  not,  depending  upon  the  net¬ 
work.  Machines  may  be  excited  during  consecutive  periods.  The  network  which  we  des¬ 
cribe  is  physically  realizable  with  n  interconnected  one-shot  multivibrators. 

If  we  excite  one  or  more  machines,  we  wish  to  determine  which  machines  are  in  state  1 
during  the  period  mT  <  t  <  (m  +  1)  T  and  which  machines  caused  them  to  be  in  state  1. 
We  make  the  following  definitions: 

DEFINITION  1.  The  Boolean  matrix 

P  =  n(Pij>n 

is  called  the  transition  matrix.  The  elements  py  are  given  by 
Py  =  1  if  Mj  is  excited  by  Mj, 

Py  =  0  if  Mj  is  not  excited  by  M  j. 

DEFINITION  2 .  The  matrix 

M  =  n(mjj)n 

is  called  the  causation  matrix.  The  elements  my  are  symbols  for  the  machines  and  are 
given  by 

my  =  Mj  if  Mj  excites  Mj, 
mjj  =  0  if  Mj  does  not  excite  Mj. 

DEFINITION  3.  The  Boolean  matrix 

S(m)  =  (Sl(m)  .  .  .Sn(m>) 

is  called  the  state  matrix.  The  elements  S  j(m)  are  0  or  1. 

Form  =  0.  Sj(^)  =  1  if  Mj  is  initially  in  state  1. 

Sj(0)  =  0  if  M j  is  initially  in  state  0. 

For  m  >  0.  S  j(m)  =  1  if  M  j  is  in  state  1  during  mT  <  t  <  (m  +  1)  T, 

S  j(m)  =  0  if  M  j  is  in  state  0  during  mT  <  t  <  (m  +  1)  T. 

DEFINITION  4.  The  matrix 

f(m)  =  (fi  (m)  fn(m)) 

is  called  the  excitation  matrix.  The  elements  fj(m)  for  m  >  1  are  given  by 

f;(m>  =  2  a/rm)  M_, 

1  r=l  lr  r 
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the  numbers  a^rm^  being  0  or  1.  For  each  a[rm)  =  1  (r  =  1,  2, .  .  .  ,  n)in  Mr  excites 
Mj  during  mT  <  t  <  (m  +  1)  T.  For  each  a(rm^  =  0  (r  =  1, 2, .  .  .  ,  n)  in  Mf  does  not 
excite  Mj  during  mT  <  t  <  (m  +  1)  T. 

THEOREM  1 .  S<m>  =  P 

PROOF.  The  proof  is  by  induction.  We  wish  to  show  that  for  the  machine  Mj 

Sj(m)  =  1  if  Mj  is  in  state  1  during  mT  <  t  <  (m  +  1)  T, 

Sj(m)  =  0  if  Mj  is  in  state  0  during  mT  <  t  <  (m  +  1)  T. 

We  establish  the  relation  for  m  =  1.  Now  the  product 

s(0)p  =  (s,(°)...sn(0))  n(Pjj)n 

is  a  row  matrix  whose  i^  element  is 

We  have  only  to  show  that  when 

tj(l)  =  1,  Mj  is  in  state  1  during  T  <  t  <  2  T, 
tj(l)  =  0,  Mj  is  in  state  0  during  T  <  t  <  2  T, 

If  tj(l)  =  1,  then  for  some  r,  1  <  r  <  n 

Sr(0)Pri=  1- 

Then  Sr^)  =  1  and  so  Mr  is  in  state  1  during  0  <  t  <T,  and  prj  =  1  and  so  Mr  excites  Mj. 
Hence  Mj  is  in  state  1  during  T  <  t  <  2  T. 

If  tj(l)  =  0,  then  for  each  r,  1  <  r  <  n 

sr(0)pri  =  0. 

Then  either  Sr^  =  0  and  so  M  is  in  state  0  during  0  <  t  <  T  and  cannot  excite  any  ma¬ 
chine  during  T  <  t  <  2  T,  or  SjA0'  =  1  and  prj  =  0  and  so  Mr  does  not  excite  Mj.  Hence  Mj 
is  in  state  0  during  T  <  t  <  2  T. 

We  may  thus  set  tjO)  =  Sj(l)  (i  =  1,  2,  .  .  .  ,  n)  and  so 

sd)  =  S(0)P. 


The  step  from  k  to  k  +  1  is  similar. 

THEOREM  2.  S(m)  =  S(0)Pm 

PROOF.  The  proof  is  by  induction. 

THEOREM  3.  f<m)  =  S(0)pm_1M. 

PROOF.  The  proof  is  by  induction. 

Consider  the  example. 

Mj  excites  M2 , 

M2  excites  M4, 
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M3  excites  Mx , 

M4  excites  Ms , 

Ms  excites  M2  and  M3. 
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The  term  Mx  +MS  in  f^8)  indicates  that  M2  was  excited  by  both  Mx  and  M5.  —  A.  H. 
McM orris,  Houston  Engineering  Research  Corporation,  Houston  77004  and  A.  A.  A  ucoin , 
The  University  of  Houston,  3801  Cullen,  Houston  77004. 

FOURIER  TRANSFORM  ANALYSIS  OF  THE  TEMPERATURE  DATA  OF 
DENTON  COUNTY— In  addition  to  the  obvious  diurnal  and  annual  behavior,  various 
claims  have  appeared  in  the  literature  regarding  cyclical  behavior  of  meteorological  phen¬ 
omena  (Lamb,  1972).  In  particular,  a  popular  cycle  to  “claim”  is  the  ca.  11-year  cycle, 
corresponding  to  the  sunspot  cycle  (Lamb,  1972).  In  connection  with  other  studies,  we 
had  occasion  to  perform  Fourier  transform  analyses  of  audio-frequency  data  and  saw  fit 
to  conduct  an  analogous  study  on  meterological  temperature  data  of  Denton  County  to 
ascertain  what  cyclical  behavior  might  exist. 

A  casual  inspection  of  this  data  taken  over  a  period  of  58  years  (19 14-1971,  inclusive), 
clearly  shows  wide  variance  that  suggests  that  cyclical  behavior  might  indeed  exist.  For 
example,  the  periods  1914-1920,  1957-1962,  and  1966-1971  were  below  average  in 
temperatures,  while  the  period  1951-1956  was  much  above  average.  However,  these  ex¬ 
treme  periods  could  be  statistically  random.  Thence  comes  the  value  of  a  Fourier  trans¬ 
form  analysis. 

A  Fourier  transform  analysis  utilizes  the  fact  that  for  any  periodic  phenomenon,  a 
function  of  a  time  domain  can  be  transformed  to  a  function  of  a  frequency  domain  by 
use  of  a  Fourier  series.  For  data  of  the  time  domain  that  can  be  digitized,  each  point  of 
the  frequency  domain  can  be  determined  by  the  following  summation(Lamb,  1972): 


404 


THE  TEXAS  JOURNAL  OF  SCIENCE 


Af  = 


N-l 

{[2  Xt  cos 
t=0  1 


llLft 

(  N  ) 


]2 


N-l 

+  f  2  Xt  sin 
Lt=0  1 


2  . it  ft. 

(  N  ) 


]2  }i« 


where  Af  =  /th  point  in  frequency  domain,  where  f  varies  from  0  to  N 
N  =  total  number  of  data  points 

Xt  =  rth  data  point  in  time  domain,  where  t  =  0,  1, 2, .  .  .  ,  N-l 

N-l 

(This  expression  is  an  adaptation  from  the  discrete  Fourier  transform  Af  =  ^  X^ 

exp  (-2  Trift/N),  taken  form  T.  C.  Farrar  and  E.  D.  Becker  (1971).  “Pulse  and  Fourier 
Transform  NMR,”  Academic  Press,  New  York,  1971,  p.  73.) 


The  data  analyzed  by  this  Fourier  transform  was  collected  by  the  Texas  A&M  Experi¬ 
mental  Station  of  Denton  County.  The  digitized  data  was  the  monthly  mean  temperature, 
making  a  total  of  696  points  (12  months/year  X  58  years). 

Figure  1  shows  the  Fourier  transform  results,  in  which  Af  is  plotted  vs.  amplitude.  The 
total  frequency  domain  of  Figure  1  extends  from  °o  to  2  months.  In  this  plot,  only  two 
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distinct  peaks  are  recognizable.  The  major  peak  lies  at  12  months  and  reflects  the  annual 
cycle.  The  other  peak,  at  6  months,  indicates  the  ”squaring-off”  of  the  annual  periodicity, 
i.e. ,  the  summers  are  warm  with  relatively  constant  mean  monthly  temperatures,  followed 
by  a  “plunge”  to  the  cold  winter  months  with  a  likewise  relatively  constant  mean  monthly 
temperature,  followed  in  turn  by  a  rapid  ascent  during  the  spring  to  the  summer  again. 
Other  than  those  2  peaks,  however,  there  are  no  apparent  significant  Af  peaks.  Attention 
is  drawn  in  particular  to  the  11-year  portion  of  the  plot,  where  a  definite  sharp  peak  does 
not  exist.  Figure  1  suggests,  therefore,  that  the  temperature  data  over  this 5  8 -year  period 
is  essentially  random  above  the  annual  periodicity. 

A  different  analysis  suggests  that  in  fact  the  data  is  not  completely  annually  random. 
One  might  consider  the  possibility  of  a  correlation  between  the  annual  mean  temperature 
of  a  given  year  and  that  of  the  following  year.  We  computed  the  probability  that  a  warmer 
than  average  year  would  precede  another  warm  year  and  (in  the  strict  probability  sense) 
that  a  cooler  than  average  year  would  likewise  precede  another  cool  year.  This  probability 
was  not  50%,  but  was  61%.  Thus,  these  analyses  of  the  temperature  data  indicated  that 
although  there  was  a  slight  tendency  for  a  cool  or  a  warm  period  to  continue  into  the 
next  year,  otherwise  there  would  be  no  cause  to  anticipate  temperature  trends  (other  than 
the  annual  and  diurnal  cycles).  The  61%  probability  for  a  year  to  continue  a  trend  into 
the  next  year  suggests  a  cycle  of  perhaps  ca.  2  years.  Inspection  of  Figure  1  shows  a  pos¬ 
sible  peak  at  26.5  months  which  may  reflect  this  trend. 

Acknowledgement  is  gratefully  given  to  James  Gardenhire  of  the  Texas  A&M  Experi¬ 
mental  Station  of  Denton  County  for  making  available  the  data  analyzed  in  this  study, 
and  for  helpful  discussions  concerning  the  data. 

Further  acknowledgement  is  extended  to  the  North  Texas  State  University  Faculty 
Research  for  making  available  the  computer  services  necessary  for  this  study. 
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NEW  LOCALITY  FOR  AGKISTRODON  CONTORT RIX  PI CTI CASTER 
(CROTALIDAE)  IN  TEXAS— A  female  Agkistrodon  contortrix  pictigaster  was  col¬ 
lected  in  Castle  Gap  Park,  12  miles  northwest  of  McCamey,  Upton  County,  Texas  on 
16  June,  1973.  The  specimen  (ASU  10823)  is  deposited  in  the  Angelo  State  University 
Vertebrate  Research  Collection.  To  our  knowledge,  this  is  the  first  record  of  this  species 
from  Upton  County  and  one  of  the  few  records  of  this  subspecies  from  east  of  the  Pecos 
River.  Castle  Gap  Park  is  located  in  Cretaceous  limestone  hills.  The  dominant  vegetation 
on  the  dry  hillsides  is  Agave  lechuguilla  andLarrea  tridentata.  The  snake  was  found  in  a 
small,  steep-sided  creek  bottom  with  rock  faces  and  overhangs,  where  the  vegetation  is 
denser  than  on  the  surrounding  hillsides.  Diospyros  texana  and  Prosopis  glandulosa  are 
the  predominant  woody  plants  in  the  creek.  No  surface  water  was  evident. Bufo punctatus 
was  also  found  at  the  collection  site. 

Seifert  (Dallas  Mus.  Nat.  Hist.,  Bull.  2,  Pt.  2:1-10,  1972)  reported  this  subspecies  from 
Presidio,  Jeff  Davis,  Brewster,  Pecos  and  Terrell  Counties,  Texas.  He  considered  specimens 
from  Terrell  County  as  showing  some  intergradation  with  A.  c.  laticinctus  and  specimens 
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from  Val  Verde  County  as  being  definite  pictigaster-laticinctus  intergrades.  Seifert  (personal 
communication)  considers  specimens  from  Crockett  and  Reagan  Counties  to  be  definite 
intergrades.  Gloyd  (personal  communication)  has  lumped  the  Independence  Creek  speci¬ 
mens  from  Terrell  County  with  other  pictigaster  and  has  stated  that  the  Reagan  County 
specimen  is  the  only  one  that  he  has  seen  that  appears  to  be  truly  intermediate  based 
on  its  coloration. 

Our  specimen  fits  well  within  the  limits  of  caudal  seal  counts  (54)  for  pictigaster  (52- 
56  for  females)  described  by  Gloyd  and  Conant(£w//.  Chicago  Acad.  Sci.,  7:75-88,  1943). 
Seifert  (1972)  writes  of  the  subspecies  pictigaster  that  “No  other  copperhead  has  caudal 
scale  counts  this  high.” 

The  dorsal  band  count  (22)  of  the  Upton  County  specimen  is  higher  than  for  either 
pictigaster  (13-15  for  females)  or  laticinctus  (10-15  for  females)  reported  by  Gloyd  and 
Conant  (1943).  The  band  count  is,  however,  lower  than  for  most  specimens  of  pictigaster 
reported  by  Seifert  (1972).  Only  the  Pecos  County  specimens,  with  a  band  count  of  18, 
have  a  lower  band  count  as  reported  by  Seifert.  It  is  interesting  that  the  Pecos  County 
specimens  are  the  nearest  published  records  to  the  Upton  County  site. 

Although  we  cannot  completely  rule  out  pictigaster-laticinctus  intergrade,  we  feel  that 
to  make  such  a  determination  based  on  1  specimen  would  be  inconclusive  considering 
the  lack  of  agreement  in  the  literature.  We  recommend  that  the  Upton  County  specimen 
be  considered  A.  c.  pictigaster  based  on  caudal  scale  count  and  coloration.  If  it  is  indeed 
an  intergrade,  it  shows  a  much  stronger  tendency  toward  pictigaster  than  toward  laticinc¬ 
tus. 

We  thank  Dr.  Gordon  C.  Creel  and  Dr.  Royce  E.  Ballinger  for  their  helpful  comments 
concerning  this  manuscript. —G.  Dan  McClung  and  Terry  C.  Maxwell,  Department  of 
Biology,  Angelo  State  University,  San  Angelo  76901. 

COMMENTS  ON  THE  OCCURRENCE  OF  SMILISCA  BAUDINI  (DUMERIL 
AND  BIBRON)  (AMPHIBIA:  HYLIDAE)  IN  BEXAR  COUNTY,  TEXAS-The 
northern-most  records  of  the  Mexican  Treefrog,  Smilisca  baudini  (Dumeril  and  Bibron) 
in  Texas  have  been  somewhat  confused  in  the  literature.  Cope  (1880)  stated  that,  “this 
Mexican  species  has  been  found  by  Mr.  Mar  nock  in  the  low  country  southwest  of  San  Antonio.” 
Strecker  (1908)  cited  Cope(o/?.  cit .)  and  added,  “I  have  collected  it  near  Refugio  County.” 
In  1922,  Strecker  again  cited  Cope  (op.  cit.)  and  wrote,  “Marnock  sent  a  specimen  [S'. 
baudini ]  from  Helotes  to  the  National  Museum.  I  found  4  fine  specimens  in  the  Marnock 
collection.” 

In  1927,  Strecker  and  Williams  wrote  that  S.  baudini,  “doubtless  occurs  [in  Bexar 
County] ,”  but  recorded  no  specimens  as  having  been  collected  there.  However,  Wright 
and  Wright  (1938,  1949)  cited  the  Bexar  and  Refugio  County  records  of  Cope  (op.  cit.) 
and  Strecker  (op.  cit.).  In  1950,  Brown  gave  the  Texas  range  of  S.  baudini  as,  “southern 
Texas  in  Hidalgo  and  Cameron  counties  and  possibly  as  far  north  as  Bexar  County,”  but 
in  his  Field  Guide  to  Reptiles  and  Amphibians,  Conant  (1958)  noted  the  range  as  being 
“extreme  South  Texas.”  Duellman  and  Trueb  (1966)  and  Duellman  (1968)  restricted  the 
Texas  range  to  Cameron  County,  and  Raun  and Gehlbach  (1972)  pronounced  the  records 
from  Bexar  and  Refugio  counties  “erroneous.” 

In  1923,  the  California  Academy  of  Sciences  received  a  shipment  of  amphibians  and 
reptiles  collected  by  G.  W.  Marnock  at  Helotes,  Bexar  County,  Texas  (no  collecting  date 
given).  Within  this  collection  was  a  single  juvenile  specimen  (snout-vent  length  40  mm.) 
of  Smilisca  baudini  (Dumeril  and  Bibron).  The  specimen  was  identified  by  Alan  E.  Leviton 
in  1962  and  has  been  subsequently  confirmed  by  us  as  closely  agreeing  with  the  descrip¬ 
tion  of  S.  baudini  given  in  Duellman  and  Trueb  (op.  cit.).  This  specimen  (CAS  74068) 
and  the  early  reports  of  Cope  (op.  cit.)  and  Strecker  (op.  cit.)  leave  little  doubt  that  at 
least  the  Bexar  County  record  (a  200  mile  range  extension)  is  valid. 
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ON  THE  HARMONIC  SERIES  AND  BERNOULLI  NUMBERS 


by  A,  A.  AUCOIN 

The  University  of  Houston, 
3801  Cullen,  Houston  77004 

We  have  given  the  formula  (Aucoin,  1952) 


(p) 


n 
2 
k=  1 


Vk 


n 

2 

k=l 


Ak(bk"bk+l)  +  Anbn  +  l 


ry2  c  Hy1  Ar”l  "iai+  1  h 
^  lr,i+lk,1Ak  ak+lDk+l 


=  0 


k 

in  which  we  suppose  that  A,  =  2  a  ,  r  is  a  positive  integer,  and  that  all  empty 

k  s=l  s 

sums  vanish.  If  r”  1 ,  the  formula  becomes 


(Q) 


n 

2  akbk 
k=  1  K  K 


n 

2 

k=l 


A,  (b,  -b,  .  t)  +  A  b  ,  . 

kv  k  k  +  1'  n  n+1 


which  is  Abel’s  transformation.  In  this  note  we  wish  to  use  these  formulas  to  de¬ 
termine  the  limit  of  expressions  that  involve  the  partial  sums  of  divergent  series. 
Throughout  the  paper 


1 

2s~l  ' 


If  for  every  k  we  set  bk 


1  ’  ak  ~  ]c  ’ tben  ^  becomes 


n 


2  — 

k=l  kr 


r-2 

2  C 


n-1  h 


r-1  -i 


i=0  r>i+1k=l  (k+l)i+1  ■ 


1  Parts  of  this  paper  were  submitted  to  Boletin  Matematico  on  September  16,  1954.  When 
receipt  of  the  paper  was  not  acknowledged,  efforts  were  made  to  determine  if  it  was  lost. 
Those  efforts  ended  in  failure.  Since  then  Boletin  Matematico  has  ceased  publication  and 
so  far  as  the  author  knows  these  results  were  never  published. 
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oo 

The  series  2  —  =  S  converge2  for  r  >  1 .  Thus 
k=l  kr  r 


lim 

n->oo 


r-2 


r  n-1  hL 

h  -  2  C  .. .  2  k  .  , 
n  i=0  r’I+1  k=l  (k+l)'+1 


=  S  . 

r 


In  what  follows  r  =  2p. 

I.  From  the  last  expression  we  have3 


f  ,  2p-2  n-1  hj?p"1"i1  „  , 

lim  I  h2p  -  2  C-  .J.1  2  — ^ — —  =(-l)p'1 

n-^-oo  ^  i  j=o  2P.i  1  k  =  l  (k+l)i+JJ 


where  is  a  Bernoulli  number. 

2p 

II.  If  we  now  choose  ak  =  ~  ,  bk  =  (-l)k+1  we  have  from  (P) 


-1  B^tt) 


2p 


2(2p)!  ’ 


lim 

n-^oo 


2  2(-l)k+1h2P+(-l)n+2h2P-2^2C  n2  (-l)k+2-hf— T 
k=l  k  n  i=  1  lk=l  (k+l)1+1 


(2p)!  2P 


III.  If  in  (Q)  we  set  a  =-f,  b  =(-l)k+1— ,  we  have  since  lim  - ^ — -  =  0 

vv  k  k’  k  v  >  k2p-l  ’  „-»Wn+n2p-l 


n~>oo  (n+l)2P' 


lim  2  (-l)k+1h. 
n->“k=l 


k2P_1  (k+l)2p 


1_"1  =  ,1)P-1  22P-1-1b 

2p-lJ  '  j  (2p)l  2p 


2p 


IV.  If  in  (Q)  we  choose  a.  =  -J-  h.  =  .  .  then  since  lim  - 5 — -  =  0. 

7  k  k’  k  k2p-l  n-°°  (n+l)2P-l 

£  h  f  1  .  _  J _ 1 

=  1  kj_k2P-l  (k+l)2p-!j 


lim  2 
n-»°°  k  = 


(,1)P-1  B2p(2^)2p 

(k+l)2P-l  |  V  ;  2(2p)l  ' 


The  first  70  of  these  numbers  Sr  have  been  computed  to  32  decimal  places  (Stieltjes,  1887). 
The  sums  of  various  series  are  used  in  the  sequel  (Knopp,  1948). 
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V.  If  we  add  III  and  IV  we  have 


lim  £  h  f(-nk+1  + 1  +(-Dk+1-il  =m)p-i  n2PB 

n™~k?i  k  |_  k2P-l  (k+i)2p-lJ  <■  >  (2p)! 


2p 


VI.  If  we  subtract  IV  from  III  then 


lim  2  h. 

n->«3  k=l 


(-nk+1+i  +  (-nk+1+i 

k2p-l  (k+l)2p-l 


^"1)P  (2p)!  B2p" 


VII.  From  (P),  if  we  let  a 


lim 

n-*o© 


k  2k+l  ’  k 

2p-2 


,  K  =  1 , then 


n-i  -2P”1“i 


o2P  -2  C  2  - 

n  i=Q  2 p ,i+l  k=1  (2k+l)i+1 


=  (-np-l  22_P-1  p  tj-2 p 

1  [)  2(2p)!B2p7r 


VIII.  If  a 


k  2k 


,k+l  1 


2k- 1 


then  from  (P) 


lim 

n-*oo 


Y  /  jHc+l  4kq2p +/ nn+2  %P  _2^'2p  ny  /  nk+2  qk  1 

k=i  }  4F h  (  }  ^¥1  nVik?/1'  (2k+i)i+2J 


=  (-i)p 


12^ _  „2P+1 


22P+2(2p)! 


where  E~  is  an  Euler  number. 

2p 

IX.From  (Q),  if  we  set  a,  =  1  ,bv  = 


1  H 

,we  have  since  lim  — — -2k — -  =  0, 


lim  2 
n->^k 


k  2k- 1  ’  k  (2k-l)2p-l  ’  n->00(2n+l)2P~1 

-1  2^M_b  n2p. 


=  1^  [(2k-l)2P-!  "  (2k+l)2p*lJ  ^ 


1)P  2(2p)!  “2p‘ 


X.  From  (Q),  if  ak  =  bk  =(-!> 


k+1 - U —  since  lim  - -V; —  =  0, 

(2k-l)2P  n->°°(2n+l)2P 


lim  2  (-l)k+1  q 

n-*-°°k=l 


r _ i _ + _ * — -i  =(. 

|_(2k-l)2p  (2k+l)2Pj 


nP _ 2p _ _2p+l 

'  22p+2(2p)! 
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In  the  special  cases  below,  which  seem  to  be  of  interest,  p  =  1 


XI.  From  II  we  have,  since  X  (-l)k+2  =  -In2  2 

k=l  k+1 


lim 

n->oo 


2  2(-l)k+1  h?  +(-l)n+2  h2l  =t^t-  21n22. 

_k=  1  K  nJ  12 


XII.  From  III 


lim  2  (-1) 

n->°o  k=l 


k+ 


1  ht  [i  *kir] 


7T 

12 


XIII.  From  IV 


n  h,  2 

lim  2  1^TT  =  \ 
n->co  k=  i  k(k+l)  6 


XIV.  From  IX 


n  2q, 
lim  2  k 


k=l  4k2  -1  8 


XV.  Finally  from  X 


lim  2  (-l)k+1q, 
k  =  l  K 


(2k-l)2  (2k+l); 


_  IT 

32 
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ON  A  NEW  COMBINATORIAL  IDENTITY 


by  T.  A.  WATKINS 

Texas  Tech  University,  Lubbock  79409 

The  purpose  of  this  paper  is  to  obtain  a  closed  form  expression  for  the  com¬ 
binatorial  sum 


(i) 


S(k,m,n,Pk) 


where  q(k,m)  is  the  set  of  all  ordered  k-tuples  (qi , . .  .  ,  qk)  of  k  nonnegative  in¬ 
tegers  whose  sum  is  m  and  ?k  =  (pj ,  •  •  •  ,  Pk)  is  a  k-tuple  of  nonegative  integers 
whose  sum  is  n.  This  summation  was  recently  encountered  in  a  study  in  estima¬ 
tion  theory,  and  its  rather  general  form  suggests  that  the  result  may  be  of  more 
general  interest. 

Lemma  1.  Let  S(k,m)  =  S(k,m,0,Pk).  Then 


(2) 


S(k,m) 


_22mr(m+k/2) 

m!r(k/2) 


Proof.  It  is  straight  forward,  using  known  formulae  to  show  that  (2)  holds  for 
arbitrary  m  when  k  =  1,2,3  and  for  arbitrary  k  when  m  =  0. 

Assume  that 


(3) 


efi,'  m'i-22m'lTm’+k72) 
S(k’m)  m'!r(k72)  J 


for  all  m'  when  k'  <  k  and  for  all  k'  when  m'  <  m.  Then  if  k  >  3 


(4)  S(k+l,m+l)  =msj|2^js(k,m+l-q) 

m  /2q|  r(m-q+k/2)22m+2'2<' 
q=o[  4 )  IXk/2)(m-q)! 
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r(m-q+k/2)22m+2*2cl 
T  [(k-2)/2]  (m+l-q)! 


=  4  S(k+l,m)  +  S(k-1  ,m+l) 

_  22m+2r  [m+1+(k+1)/2] 
(m+l)!r  [(k+l)/2]  ' 


Now,  assuming  that  (3)  holds  when  k' =  k+l  andnT  £  m+j  and  using  essentially 
the  same  technique  as  to  obtain  (4),  we  obtain 

(5)  S(k+l,m+j+l)  =  4  S(k+l,m+j)  +  S(k-l,m+j+l) 

_  22m+2J+2r  [m+j+l+(k+l)/2] 

(m+j+l)!r  [(k+l)/2] 


Thus,  (3)  holds  for  all  nT  when  k'  £  k+1,  and  therefore,  (2)  holds  for  all  choices 
of  k  and  m. 

Theorem  1.  Let  S(k,m,n,Pk)  be  defined  by  (1).  Then 


(6) 


S(k,m,n,Pk) 


22mr(m+n+k/2)  k  f  2Pj\ 
m!r(n+k/2)  i=1  \  Pj/' 


Proof.  It  follows  from  Lemma  1  that  (6)  is  satisfied  if  n  =  0.  It  is  also  clear  that 
(6)  holds  if  m  =  0  or  k  =  1 . 

Now  assume  that 


(7) 


S(k',m',n',P.  <) 


22m,r(m'+n'+k72) 

m'!r(n'+k'/2) 


for  all  k',  nT  when  n'  £  n,  for  all  k',  n'  when  nT  £  m,  and  for  all  nT,  n'  when 
k'  £k.  Then,  letting  pk+]  =  p  and  f  =(1,0, ...  ,  0), 


(8) 


m  +  1 

S(k+l,m+l,n+l,P  )=  S 

K  1  q  =  0 


f 2p+2q 

i  P+Cl  - 


S(k,m+l-q,n+l-p,Pk) 
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=  g  (2p+2q|  22m+2-2gr(m-q+n+l-p+k/2)  k/2p.l 
q=ol  P+q  /  (m-q)!r(n+ 1  -p+k/2)  i‘l\  Pj/ 

j.Hyl /  2p+2q|  22m+2~2gr(m+l-q+n-p+k/2)  k  /2pA 
q=ol  P+q  /  (m+l-q)!r(n -p+k/2)  p J 


4S(k+l,m>n+l,Pk+1)  +  pP|j  * S(k+l,m+l,n,Pk+1-I1) 

22m+2r  [m+n+2+(k+l)/2]  k+1  /2p.\ 

(m+l)!r [n+l+(k+l)/2]  i=1  \  pj  ' 


It  should  be  noted  that  there  is  no  loss  in  generality  in  (8)  by  assuming  that  Pi  >  0. 

Now  suppose  that  (7)  holds  when k'-  k+1,  m'  =  m+l,  and  n'  <  n+j.  Then  using 
the  same  technique  as  in  (8),  one  obtains 


(9)  S(k+l,m+l,n+j+l,Pk+1) 


=  4S(k+l,m,n+j+l,Pk+1)+j2Pj  |2P|;2)  *  S(k+1  ,m+l,n+j,Pk+1-Ij) 

_22m+2r[m+n+j+2+(k+l)/2]  k  +  1  / 2p.\ 

(m+l)!r  [n+j+l+(k+l)/2]  i=1  \  pj  ' 

Assuming  that  (7)  holds  for  all  n'  when  k'  =  k+1  and  m'  <  m+r  yields 


(10)  S(k+l,m+r+l,n+l,Pk+1) 


=4S(k+l,m+r,n+l,Pk+1)+ |2^||  |2pj[‘J  S(k+l,m+r+l,n,Pk+1-I1) 

_22m+2r+2r [m+r+n+2+(k+1)/2]  k+1  /2pA 
(m+r+l)!r [n+l+(k+l)/2]  i=1  ^  Pi|  ' 

Finally,  assuming  that  (7)  holds  when  k'  =  k  +  1,  m'  =  m  +  r  +  1  and  n'^n+j, 
one  has 


(11)  S(k+l,m+r+l,n+j+l,Pk+1) 
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= 4  S  (k+ 1,  m+ r, ,  n+j + 1,  pk+i)+ 


.,m+r+l,n+j,  ?k+l’h) 


(m+r+l)!F  [n+j+l+(k+l)/2] 


T  [m+r+n+j+2+(k+l)/2]  k+1  / 2p{ 
!T  [n+j+l+(k+l)/2]  i=1  [  p{ 


Thus(7)  holds  for  all  m',  n'whenk'  £  k  +  1 ,  and  hence, (6)  holds  for  all  choices 
of  k,  m,  n. 

The  following  are  immediate  consequences  of  Theorem  1 . 

Corollary  1.  Let  t(r,s)  denote  the  set  of  all  ordered  r-tuples(t1 , .  .  .  ,  tf)  of  r  non¬ 
negative  integers  whose  sum  is  s.  Then 


(12) 


22m+2nr(m+n+k|2) 

m!n!r(k/2) 


Corollary  2.  If  x 


1  ’  *  *  '  ’  k 


x,  are  real  or  complex  numbers,  then 


22mT(m+n+k/2)  £  X[  ° 

m!n!r(n+k/2)  Li=1  \ 


trace  metal  concentrations  of  selected  macro¬ 
fauna  FROM  A  SOUTHEAST  TEXAS  ESTUARY 


by  R.  J.  SCRUDATO,  B.  F.  HENNINGSEN,  and  E.  L.  ESTES 

Department  of  Marine  Sciences,  Texas  A&M  University, 

Moody  College  of  Marine  Sciences  and  Maritime  Resources, 
Galveston  77550 

ABSTRACT 

Cadmium,  chromium,  copper,  lead  and  zinc  concentrations  of  Crassostrea  virginica  (oys¬ 
ter),  Callinectes  sapidus  (blue  crab),  and  Peneus  seti ferns  (shrimp)  from  a  shallow  water, 
southeast  Texas  estuary  (Sabine  Lake)  indicates  levels  significantly  above  associated  estuarine 
waters.  Wet  weight  trace  metal  concentrations  of  the  3  organisms  during  the  2-yr  period  varied 
as  follows:  Cd--0.38  to  4.0  ppm;  Cr— 0.1  to  3.7  ppm;  Cu-0.1  to  157  ppm;  Pb— —  0.1  to  22.0 
ppm  and  Z-n— 21.7  to  1367  ppm.  Maximum  copper  concentrations  (157.6  ppm)  were  found 
in  oysters  collected  during  fall,  1973,  whereas  maximum  lead  concentrations  (22  ppm)  were 
found  in  blue  crabs  collected  during  the  period  of  November, 1971,  to  February,  1972. 

Lead  concentrations  were  significantly  lower  in  Crassostrea  virginica  collected  during 
November,  1971,  to  February,  1972,  a  period  of  excessive  rainfall,  relative  to  samples  collected 
in  the  fall  of  1973.  This  suggests  oysters  are  able  to  purge  lead  during  periods  of  lead  dilution. 

INTRODUCTION 

A  study  of  trace  metal  concentrations  of  selected  macrofauna  of  a  shallow 
southeast  Texas  estuary ,  Sabine  Lake ,  was  initiated  in  the  fall  of  1971.  Live  organ¬ 
isms  were  periodically  sampled  and  analyzed  during  a  2-yr  period.  The  main  pur¬ 
pose  of  the  study  was  to  determine  the  extent  selected  trace  metals,  which  are 
known  to  be  discharged  into  the  2  principal  rivers  draining  into  the  estuary,  are 
accumulated  by  selected  estuarine  macrofauna.  Oysters  ( Crassostrea  virginica ), 
blue  crabs  {Callinectes  sapidus),  and  shrimp  {Peneus  setiferus)  were  collected 
throughout  Sabine  Lake  utilizing  crab  traps,  seines,  trawls,  and  oyster  rakes  during 
the  2-yr  period. 

LOCATION 

Sabine  Lake  is  a  shallow  water  estuary  located  along  the  Texas-Louisiana  bor¬ 
der.  The  lake  is  fed  by  the  Sabine  and  Neches  Rivers  and  is  connected  to  the  Gulf 
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of  Mexico  by  a  narrow  tidal  inlet,  Sabine  Pass.  The  headwaters  of  the  Neches  River 
lie  approximately  320  km  northwest  of  the  city  of  Beaumont  near  the  city  of  Tyler 
in  Van  Zandt  County.  The  Sabine  River  rises  in  Hunt  County,  about  30  km  north¬ 
west  of  the  city  of  Greenville,  and  flows  in  a  generally  southeasterly  direction 
about  925  km  to  its  mouth  (Figure  1). 


Figure  1.  Diagram  illustrating  drainage  of  the  Sabine  and  Neches  Rivers  and  location  of 
Sabine  Lake. 

Both  river  systems  have  been  extensively  altered  by  man.  River  flow  has  been 
impeded  by  major  reservoirs  constructed  by  the  U.  S.  Army  Corps  of  Engineers. 
Sam  Rayburn  and  B.  A.  Steinhagen  Lakes  interrupt  flow  of  the  Neches  and  its 
tributary ,  the  Angelina  River.  The  Sabine  River  is  uninterrupted  until  encountering 
a  major  dam  at  Toledo  Bend,  located  about  29km  west  of  Leesville,  Louisiana. 

Both  rivers  have  been  straightened  and  dredged  along  their  lower  reaches.  Be¬ 
tween  1906  and  1908,  a  3-m  deep  channel  was  dredged  from  the  Port  Arthur 
ship  channel  to  the  mouth  of  the  Neches  River.  During  1914-1916,  a7.6-mdredged 
channel  was  extended  to  the  city  of  Beaumont.  A  12. 1-m  dredged  channel  now  ex¬ 
tends  to  the  cities  of  Beaumont, located  on  the  Neches  River,  and  to  the  port  city 
of  Orange, located  on  the  Sabine  River. 

The  Sabine  and  Neches  Rivers  do  not  pass  any  major  municipalities  until  a  few  kilo¬ 
meters  north  of  the  cities  of  Beaumont  and  Orange.  From  Evadale,  located  about 
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38  km  north  of  Beaumont,  the  Neches  passes  through  the  cities  of  Beaumont, 
Port  Neches,  Groves,  and  Port  Arthur.  The  Sabine  River  does  not  flow  through 
any  major  communities  until  it  passes  through  the  city  of  Orange,  located  approxi¬ 
mately  19  km  above  the  river’s  mouth.  The  Sabine  and  Neches  Rivers  are  connected 
to  the  Gulf  of  Mexico  by  a  dredged  channel  which  lies  along  the  western  border 
of  Sabine  Lake.  Sabine  Lake  is  separated  from  the  ship  channel  by  a  dredge -spoil 
island- -Pleasure  Island. The  12 -m  dredged  channel  re-enters  Sabine  Lake  at  the 
northern  end  of  Sabine  Pass,  a  narrow  tidal  inlet  which  connects  the  Sabine  Lake 
system  to  the  open  Gulf  of  Mexico. 

Sabine  Lake  is  approximately  24  km  long,  10  km  wide,  and  has  an  average  depth 
of  about  2  m„  A  number  of  small  runoff  systems  enter  the  lake  from  the  adjacent 
coastal  prairie.  The  western  part  of  the  lake  has  been  dredged  and  filled  to  pro¬ 
duce  the  Port  Arthur  Ship  Channel.  Two  dredge -spoil  levees  have  been  constructed 
to  contain  dredging  wastes  recovered  from  maintenance  of  the  ship  channel 
(Figure  2). 


Figure  2.  Diagram  of  Sabine  Lake  including  location  of  ship  channel,  dredge-spoil  island 
(Pleasure  Island),  dredge-spoil  levees  and  the  narrow  tidal  inlet  (Sabine  Pass). 

Tidal  ranges  vary  considerably  in  Sabine  Lake  and  are  dependent  on  wind  direc¬ 
tion  and  velocity  as  well  as  diurnal  variations.  A  constant  northerly  wind  may 
lower  lake  levels  by  as  much  as  0.5  to  0.7  m.  Normal  solilunar  tidal  ranges  are 
about  0.3  to  0.2  m. 
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Since  Sabine  Lake  averages  about  2  m  deep,  vertical  and  horizontal  circulation 
is  affected  by  winds  resulting  in  complete  lateral  and  vertical  mixing.  Lake  salini¬ 
ties  vary  considerably  and  are  dependent  on  tides,  wind  direction,  and  river  dis¬ 
charges.  Along  the  southern  lake  boundary,  salinities  are  normally  about  22  ppt; 
whereas  at  the  mouths  of  the  Sabine  and  Neches  Rivers  and  along  the  entire  northern 
end  of  Sabine  Lake,  salinities  vary  from  about  7  ppt  to  zero,  depending  on  river 
discharge  and  regional  precipitation.  Saline  Gulf  waters  move  upstream  as  bottom 
water  along  the  12-m  dredged  channel  to  the  cities  of  Beaumont  and  Orange,  neces¬ 
sitating  a  salt  water  barrier  above  Beaumont  to  prevent  intrusion  of  salt  water 
into  city  water  supplies. 

Sabine  Laker  waters  are  generally  turbid,  reflecting  the  sediment  input  from 
the  river  systems  and  the  constant  disruption  of  the  mud  and  silt  bottom  by 
currents,  maintenance  dredging  of  the  ship  channel  and  oyster  shell  dredging. 

The  water  quality  of  the  Sabine  and  Neches  Rivers  is  greatly  affected  by  the 
municipalities  and  major  industries  located  along  river  banks.  River  waters  are 
used  for  processing  and  cooling  by  the  various  predominantly  petrochemical  in¬ 
dustries.  Sewage  discharge  contributes  significantly  to  the  water  quality  of  both 
rivers  and  is  responsible  for  the  closing  of  Sabine  Lake  to  commercial  and  sport 
oystering  because  of  bacterial  contamination.  Various  concentrations  of  cadmium, 
chromium,  copper,  nickel,  lead,  and  zinc  are  being  discharged  into  the  Neches 
and  Sabine  Rivers  by  local  industries  and  municipalities. 

The  biota  of  Sabine  Lake  is  typical  of  Gulf  Coast  estuaries.  Oysters  (Crassostrea 
virginica )  are  confined  largely  to  the  southern,  more  saline  portions  of  the  lake. 
Various  clams,  mainly  Rangia  cuneata,  and  mussels  are  found  throughout  the 
lake  system.  Fish  vital  to  the  area’s  economy  are  the  red  fish,  the  drum,  and  the 
weakfishes.  Shrimp  are  also  taken  from  Sabine  Lake  area  waters  and  along  the 
southeast  Texas  Gulf  Coast.  Significant  portions  of  the  biota  are  species  which 
spend  only  part  of  their  life  cycles  in  the  lake.  Blue  Crabs  ( Callinectes  sapidus) 
are  found  in  abundance  in  Sabine  Lake,  with  a  combined  commercial  and  sport 
harvest  valued  in  excess  of  $60,000  per  year. 

LABORATORY  PROCEDURES 

Whole  organism  tissue  samples  were  placed  on  clean  absorbing  paper  and 
allowed  to  stand  for  1  hr.  Samples  were  then  weighed  and  placed  in  clean  250-ml 
beakers.  Twenty  to  25  ml  of  concentrated  nitric  acid  were  added  to  weighed  sam¬ 
ples  and  heated  overnight.  Ten  to  15  ml  of  concentrated  perchloric  acid  were  then 
added  to  each  sample,  and  the  samples  were  again  gently  heated.  When  fumes  of  per¬ 
chloric  were  noted,  samples  were  covered  with  watch  glasses  and  allowed  to  re¬ 
flux  for  about  30  min.  After  cooling,  20  to  30  ml  of  distilled -deionized  water 
was  added  to  each,  and  samples  were  filtered  through  medium  texture  qualitative 
filter  paper  into  100 -ml  volumetric  flasks.  Beakers  were  rinsed  several  times  to  insure 
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good  qualitative  transfer  at  the  time  flasks  were  made  up  to  100  ml  volumes.  Blank 
samples  were  prepared  for  all  samples  analyzed.  All  organisms  were  analyzed  by 
atomic  absorption  spectrophotometry  using  a  Perkin-Elmer  Model  303  spectro¬ 
photometer. 

RESULTS 

Results  indicate  Sabine  Lake  organisms  are  accumulating  trace  metals  above 
concentration  levels  found  in  associated  waters  (Tables  1  and  2). 

TABLE  1 

Trace  Metal  Concentrations  of  Peneus  seti ferns,  Callinectes  sapidus  and  Crassostrea  virginica 


collected  from  Sabine  Lake  during  November,  1971,  to  February,  1972 

Peneus  setiferus 

Number  of  Samples  Values  (ppm,  wet  weight) 

analyzed 

Minimum 

Maximum 

Mean 

S.D. 

Zn 

2 

21.7 

36.7 

* _ 

— . 

Pb 

5 

5.3 

9.3 

6.5 

±1.7 

Cu 

2 

7.2 

13.1 

__ 

__ 

Cd 

3 

0.43 

Callinectes  sapidus 

0.50 

Zn 

4 

34.7 

69.0 

— 

— 

Pb 

29 

1.2 

22.0 

5.8 

±4.5 

Cu 

4 

2.5 

9.3 

-- 

-- 

Cd 

2 

0.4 

Crassostrea  virginica 

0.4 

Zn 

3 

462.0 

650.0 

— 

Pb 

5 

2.4 

10.6 

7.2 

±3.5 

Cu 

2 

31.0 

35.4 

— 

__ 

Cr 

1 

3.7 

Cd 

2 

2.5 

4.0 

-- 

-- 

*Means  and  standard  deviations  were  not  calculated  for  less  than  5  samples. 

TABLE  2 

Trace  Metal  Concentrations  of  Peneus  setiferus  and  Crassostrea  virginica 
collected  from  Sabine  Lake  during  Fall,  1973 

Peneus  setiferus 

Number  of  Samples  Values  (ppm,  wet  weight) 

analyzed 

Minimum 

Maximum 

Mean 

S.D. 

Zn 

0 

__ 

— 

. — 

— 

Pb 

6 

<0.1 

__ 

__ 

Cu 

6 

0.1 

1.0 

0.35 

±0.34 

Cr 

6 

<0.1 

Crassostrea  virginica 

Zn 

41 

51.7 

1367.9 

551.7 

±362.8 

Pb 

54 

<0.1 

-- 

— 

— 

Cu 

46 

4.8 

157.6 

5  1 .3 

±  33.7 
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Permissible  discharge  levels  established  by  the  Texas  Water  Quality  Board  are 

listed  in  Table  3 

TABLE  3 

Texas  Water  Quality  Board--“Hazardous  Metals  Order,” 

Board  Order  70-0828-5 

Trace  Metal 

Fresh  Water  (mg /l) 

All  Other  Water  mg/l 

Cadmium 

0.02 

0.02 

Chromium 

5.0 

5.0 

Copper 

1.0 

1.0 

Lead 

0.1 

0.1 

Zinc 

5.0 

5.0 

Table  4  outlines  the  “normal  range”  of  the  various  trace  metals  which  were 
analyzed  for  in  this  study  found  in  marine  organisms. 


TABLE  4 

“Normal”  Trace  Metal  (Cd,  Cr,  Cu,  Pb  and  Zn)  Concentration  of 
Marine  Animals  and  Seawater  (Water  Quality  Criteria,  1968) 

Marine  Animal  Seawater 


Trace  Metal 

mg/l 

llg/l 

Cadmium 

0.15-3 

0.08 

Chromium 

0.2 -1.0 

0.00005 

Copper 

4-50 

0.003 

Lead 

0.5 

0.00003 

Zinc 

6-1500 

0.01 

Although  little  data  is  available  on  Sabine  Lake  water  metal  concentrations, 
it  is  believed  that  concentrations  do  not  greatly  exceed  the  limits  established  by 
the  Texas  Water  Quality  Board  (1970).  This  reasoning  is  based  on  the  existence 
of  healthy  Crassostrea  virginica  reefs  found  along  the  southern  portions  of  the 
Sabine  Estuary.  Crassostrea  virginica  is  known  to  be  highly  susceptible  to  low 
concentrations  of  cadmium,  copper,  and  lead  (Table  5). 

TABLE  5 


Cadmium,  Copper,  and  Lead  Tlm  Concentrations  for  Oysters 
{Crassostrea  virginica ) 


Trace  Metal 

Time 

Tlm(mg/l) 

References 

Cd 

8  weeks 

0.2 

Pringle,  1968 

Cd 

15  weeks 

0.1 

Pringle,  1968 

Cu 

96  hours 

1.9 

Fujiya,  1960 

Pb 

12  weeks 

0.5 

Pringle,  1968 

Pb 

18  weeks 

0.3 

Pringle,  1968 
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It  is  believed  that  if  metal  concentrations  in  Sabine  Laker  waters  were  consis¬ 
tently  above  the  mean  toxicity  limits  established  by  Pringle  and  others  (1968)  for 
Crassostrea  virginica,  the  total  Sabine  Lake  oyster  population  would  have  been 
decimated.  Live  oyster  banks  are  presently  found  along  the  southern  portion  of 
Sabine  Lake  and  in  the  shallow  waters  of  the  narrow  tidal  inlet,  Sabine  Pass. 

A  factor  considered  important  in  the  total  metal  concentrations  found  in  Sabine 
Lake  animals  are  the  concentrations  supplied  from  metal-sorbed  sediments.  A 
sediment  study  of  Sabine  Lake  indicates  various  trace  metals  have  accumulated 
in  Sabine  Lake  bottom  sediments.  Natural  wave  activity  and/or  dredging  is  be¬ 
lieved  to  reintroduce  metal-sorbed  organic  and  inorganic  sediments  to  lake  waters. 
Ingestion  of  metal-sorbed  sediments  by  lake  organisms  would  result  in  increased 
total  metal  intake  and  accumulation. 

A  significant  difference  seems  to  exist  in  metal  concentrations  of  specimens 
collected  during  1971-72  and  those  collected  during  1973.  This  difference  is  par¬ 
ticularly  evident  in  the  differences  in  lead  concentrations  in  Callinectes  sapidus 
and  Crassostrea  virginica  (See  Table  1  and  2).  Lead  concentrations  of  Callinectes 
sapidus  collected  during  1971-72  ranged  from  a  minimum  of  1.2  ppm  to  a  mixi- 
mum  of  about  22  ppm.  Lead  concentrations  of  Callinectes  sapidus  collected  dur¬ 
ing  the  fall  of  1973  were  found  to  be  less  than  0.1  ppm  for  the  6  specimens  col¬ 
lected.  Lower  lead  values  are  also  evident  in  oyster  samples  collected  during  the 
fall,  1973,  from  those  analyzed  during  the  1971-72  period.  The  lead  concentra¬ 
tions  of  Crassostrea  virginica  for  the  year  1973  were  found  to  be  less  than  0.1  ppm, 
whereas  the  5  samples  collected  during  1971-72  were  found  to  contain  concen¬ 
trations  ranging  from  about  2.4  to  a  miximum  of  10.6  ppm.  There  is  insufficient 
data  to  determine  whether  other  metals  also  show  a  marked  decrease  from  1971 
to  1972-73. 

1973  was  an  unusually  rainy  period  for  southeast  Texas.  Rainfall  during  this 
period  was  approximately  198  cm,  resulting  in  an  increase  by  almost  50%  above 
the  annual  mean  rainfall.  Increased  precipitation  and  consequent  dilution  of  es¬ 
tuarine  waters  could  have  been  responsible  for  decreased  lead  concentrations 
during  1973.  Decreased  lead  concentrations  in  1973  oysters  also  suggests  that 
oysters  are  capable  of  purging  lead  during  times  of  decreased  lead  concentrations 
in  their  environmental  waters. 
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ABSTRACT 

An  electron  microscopic  examination  was  made  of  the  in  vitro  interaction  of  specifically 
“sensitized”  and  “nonsensitized”  peritoneal  exudate  (PE)  cells  of  the  guinea  pig  with  antigen 
in  the  form  of  the  electron  dense  protein  ferritin.  PE  cells  from  animals  sensitized  to  ferritin 
under  the  guise  of  the  tuberculin  bacillus  demonstrated  interactions  with  the  protein  in  2  forms: 
1st,  a  phagocytic  uptake  of  the  ferritin  marker  by  macrophages;  and,  2nd,  an  extensive  bind¬ 
ing  of  ferritin  onto  the  cytoplasmic  membrane  of  a  small  %  of  the  mononuclear  cells  of  the 
total  PE  population.  The  cells  involved  in  this  second  form  of  interaction  with  the  ferritin 
antigen  were  identified  as  lymphocytes.  No  comparable  interactions  of  ferritin  with  PE  cells 
was  observed  from  normal  or  “dually  sensitized”  (tuberculin  -  DNFB)  guinea  pigs.  The 
latter  phenomenon  was  interpreted  as  a  demonstration  of  a  specific  antigen  -  “sensitized” 
cell  complex  formation,  possibly  by  means  of  a  cytophilic  antibody. 

INTRODUCTION 


The  passive  transfer  of  the  delayed  hypersensitive  state  has  been  clearly  demon¬ 
strated  to  be  mediated  by  sensitized  lymphocytic  cells  passively  transferred  from 
a  hypersensitive  donor  animal  to  a  normal  recipient.  Serum  from  such  donors 
has  been  found  to  lack  this  transfer  capacity. 

Although  the  nature  of  the  relationship  between  sensitized  cells  and  antigen  is 
not  known,  Pappenheimer  (1958)  has  postulated  that  cell-bound  antibodies  are 
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involved  in  the  mediation  of  the  delayed  hypersensitive  reaction  via  an  antigen- 
sensitized  lymphocyte  interaction.  However,  the  observation  of  such  a  specific 
interaction  by  electron  microscope  studies  employing  ferritin  has  not  been  demon¬ 
strated  (Goldberg,  et  al,  1962; Norton  and  Ziff,  1965;  Sabesin  and  Friedman,  1965). 
In  the  first  2  studies,  significant  deposits  of  antigen  were  found  only  within  macro¬ 
phages,  whereas  in  the  latter  investigation  Sabesin  and  Friedman  {op.  cit.)  were 
unable  to  identify  ferritin  in  late  lesions  of  either  sensitized  or  normal  animals. 
Dvorak,  et  al.,  (1970)  in  studying  the  fate  of  antigen  in  delayed  hypersensitivity 
by  autoradiographic  techniques  indicated  that  soluble  protein  antigens  other  than 
ferritin  may  have  different  fates  in  skin  reactions.  These  included  rapid  clearance 
of  the  antigen  from  the  local  site  by  diffusion  into  both  lymphatics  and  blood 
vessels  and  varying  degrees  of  phagocytosis  of  different  antigens  by  fixed  tissue 
macrophages,  depending  on  the  antigen  in  question.  Moreover,  antigen  clearance 
was  minimally  affected  by  the  development  of  a  delayed  reaction  insofar  as  infil¬ 
trating  mononuclear  cells  showed  little  tendency  to  phagocytose  antigen.  How¬ 
ever,  as  in  previous  reports  (Norton  and  Ziff,  op.  cit.,  Sabesin  and  Friedman, 
op.  cit.),  this  study  failed  to  include  any  in  vitro  experiments  on  antigen-sensitized 
cell  interactions. 

Goldberg,  et  al.,  {op.  cit.),  in  their  electron  microscopic  study  of  delayed  sen¬ 
sitivity  to  ferritin  in  guinea  pigs,  did  include  an  in  vitro  investigation  on  antigen- 
lymph  node  cell  interaction,  but  their  failure  to  demonstrate  such  interactions 
may  have  been  the  result  of  their  incubation  conditions  and  antigen  concentra¬ 
tions  rather  than  an  absence  of  an  antigen-sensitized  cell  binding  phenomenon. 

We  now  report  the  observation  of  such  an  interaction  in  vitro  by  use  of  peri¬ 
toneal  exudate  lymphocytes  from  guinea  pigs  sensitized  to  the  electron  dense 
molecule  ferritin. 

MATERIAL  AND  METHODS 

Animals.  Albino  guinea  pigs  of  the  random-bred  Hartley  strain  weighing  350- 
500  grams  were  used. 

Reagents.  Equine  ferritin  (6x  recrystallized  and  cadmium  free,  California  Bio¬ 
chemical  Associates)  was  used  as  the  test  allergen.  The  preparation  contained  1  mg 
of  ferritin  per  ml  of  a  mixture  of  0.85%  sterile  saline-Freund’s  complete  adjuvant 
emulsion  in  a  1:1  (v/v)  ratio.  Control  sensitization  preparations  consisted  of  2% 
1  -fluoro-2,  4-dinitrobenzene  (DNFB ,  Eastman  Organic  Chemicals)  twice  recrystal¬ 
lized  in  absolute  ethanol,  and  Mycobacterium  tuberculosis  H37  Ra  (Difco).  The 
latter  preparation  consisted  of  1  mg  of  My  cobacterium  tuberculosis  cells  per  0.6  ml 
of  an  emulsion  containing  0.1  ml  Freund’s  incomplete  adjuvant  and  0.5  ml  sterile 
0.85%  saline. 

Guinea  pig  sensitization.  Each  of  10  animals  in  the  test  system  was  sensitized 
by  injecting  1  ml  of  the  ferritin  preparation  (1  mg)  subcutaneously  into  the  nape 
of  the  neck  which  had  been  previously  cleared  of  hair  by  mechanical  clipping.  In 
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addition,  2  control  animals  were  injected  with  1  ml  of  incomplete  adjuvant-saline 
emulsion  alone.  In  the  sensitized  control  group,  10  animals  were  1st  injected  with 
0.6  ml  (1  mg)  of  Mycobacterium  tuberculosis  subcutaneously  into  the  nape  of 
the  neck,  followed  1  week  later  by  the  initiation  of  a  2%  DNFB  painting  sequence 
for  6  consecutive  days.  This  '‘dual”  sensitization  system  was  employed  as  a  con¬ 
trol  since  previous  studies,  Guthrie  and  Nunez  (1970),  demonstrated  such  donors 
to  exhibit  exaggerated  sensitization  to  both  tuberculin  and  DNFB,  and  since  peri¬ 
toneal  exudate  cells  derived  from  these  donors  were  found  to  render  optimum 
passive  transfer  to  each  of  the  allergens  in  normal  recipient  animals.  Peritoneal 
exudate  cells  from  these  hypersensitive  donors  were  used  to  control  the  specifi¬ 
city  of  ferritin  uptake  by  exudate  cells  from  ferritin-sensitized  donors. 

Skin  testing.  For  the  skin  testing  of  actively  sensitized  donors,  hair  was  care¬ 
fully  removed  from  each  animal’s  flank  with  electric  clippers  5  hrs  before  com¬ 
mencement  of  the  tests.  Ferritin  donors  were  skin  tested  on  the  21st  day  after 
sensitization  by  injection  of  0.1  ml  amounts  of  the  following  reagents  at  different 
sites  on  the  animal’s  flank:  5  pg  ferritin,  5  jug  purified  protein  derivative  (PPD), 
5  pg  bovine  serum  albumin  (BSA),  and  0.85%  sterile  saline.  PPD,  BSA,  and  saline 
were  used  as  control  skin  tests  to  demonstrate  the  specificity  of  reactions  obtained 
to  ferritin.  The  control  group  of  donors  which  received  no  allergen  underwent 
similar  skin  tests.  Tuberculin-DNFB  dually  sensitized  donors  were  skin  tested  on 
the  24th  day  by  injecting  0.1  ml  amounts  of  the  following  test  solutions  into  the 
prepared  flanks  of  the  animal:  5  p g  of  ferritin,  1/40  dilution  of  Old  Tuberculin 
(OT),  5  jig  of  PPD,  and  0.85%  sterile  saline,  with  0.5%  &nd  0.75%  DNFB  mixed 
in  olive  oil  being  applied  topically  to  the  contra-lateral  flank. The  DNFB  skin  tests 
were  made  by  gently  rubbing  each  reagent  concentration  into  the  skin  with  a 
polished  glass  rod.  Olive  oil  alone  served  as  a  control. 

Skin  test  injections  were  graded  on  the  basis  of  the  reaction  size  (mm)  24  hrs 
after  injection,  while  DNFB  skin  tests  were  graded  on  the  basis  of  reaction  inten¬ 
sity  after  24  hrs  (Guthrie,  et  al.,  1967). 

Harvest  of  peritoneal  exudates.  Following  the  skin  testing  of  donor  animals 
and  72  hrs  prior  to  harvest,  30  ml  of  sterile  light  mineral  oil  (E.  H.  Sargent  and  Co.) 
were  injected  intraperitoneally  to  provoke  an  exudate.  On  the  3rd  day  after  the 
oil  injection,  animals  were  sacrificed  by  exsanguination  and  the  peritoneal  cavity 
opened  and  washed  3  times  with  Hanks  balanced  salt  solution  (BSS).  Cells  from 
the  washings  were  concentrated  by  low-speed  centrifugations  at  2000  rpm  for 
10  min  at  room  temperature.  Packed  cells  were  washed  2  times  in  Hanks  BSS  by 
resuspension  and  subsequent  centrifugations  at  2000  rpm  for  10  min  in  graduated 
conical  tubes.  All  cell  suspensions  were  adjusted  to  0.25  ml  packed  cell  volumes 
and  were  found  to  be  95-98%  viable  by  the  Trypan  blue  (0.1%)  dye-exclusion 
technique. 

Incubation  of  cells  in  ferritin.  Initially,  ferritin  concentrations  ranging  from 
25-500  pg  per  ml  were  investigated.  At  this  time  it  was  determined  that  a  0.25  ml 
packed  volume  of  cells  incubated  for  45  min  at  37  C  in  a  5  ml  volume  of  Hanks 
BSS  containing  100  jig  of  ferritin  per  ml  provided  and  optimal  concentration  of 
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ferritin  for  viewing  in  the  electron  microscope.  This  assay  was  controlled  by  in¬ 
cubating:  a)  ferritin-sensitized  exudate  cells  in  Hanks  BSS  alone;  b)  dually -sensitized 
exudate  cells  in  100  Mg  of  ferritin  per  ml  of  Hanks  BSS;  and,  c)  normal  control 
exudate  cells  in  lOO/ig  of  ferritin  per  ml  of  Hanks  BSS. 

After  the  incubation  period,  the  cells  were  washed  3  times  with  Hanks  solution 
by  alternating  centrifugations  and  resuspensions. 

Preparation  of  cells  for  electron  microscopy.  Cells  to  be  examined  in  the  elec¬ 
tron  microscope  were  pre -fixed  in  0.06  M  cacodylate  buffer  alone,  and  then  fixed 
in  0.06  M  cacodylate -buffered  1%  Os04  for  2  hrs.  After  fixation,  the  cells  were 
dehydrated  in  a  graded  series  of  ethanol,  exposed  to  3  changes  of  propylene  oxide, 
and  embeded  in  Epon.  The  cells  were  subsequently  sectioned  on  a  Sorvall  MT-2 
ultramicrotome  and  examined  before  they  were  stained  with  uranyl  acetate  and 
lead  tartrate  in  oraer  to  facilitate  viewing  of  the  ferritin  molecules,  and  to  negate 
the  possibility  of  observation  and  interpretation  of  post-staining  artifacts  as  ferri¬ 
tin  uptake. 


RESULTS 

Skin  test  reactions.  The  guinea  pigs  sensitized  to  ferritin  gave  positive  skin  test 
reactions  of  15-20  mm  to  ferritin  and  10 x  10mm  reactions  to  PPD,  but  negative 
reactions  to  the  other  control  skin  tests.  Animals  which  were  not  sensitized  gave 
negative  skin  test  reactions  to  ferritin ,  as  well  as  the  control  test  reagents  employed . 
The  dually -sensitized  donors  gave  negative  skin  test  reactions  to  ferritin,  but  posi¬ 
tive  skin  test  to  Old  Tuberculin  (18-30  mm)  and  PPD  (18-20  mm).  These  animals 
also  demonstrated  maximum  reactivity  (++++)  for  both  the  0.5%  and  0.75%  DNFB 
skin  tests.  Such  results  demonstrate  the  specificity  of  reactivity  achieved  in  the 
sensitized  donor  animals,  with  no  cross  reactions  being  observed. 

Electron  microscopy  of  incubated  cell  suspensions.  Of  all  the  sensitized  exudate 
cells  examined  in  the  electron  microscope,  those  from  animals  sensitized  to  ferritin 
showed  the  greatest  activity  toward  this  antigen.  The  activity  observed  took  2 
forms:  1st,  a  noted  phagocytic  uptake  of  ferritin,  and  2nd,  attachment  of  ferri¬ 
tin  onto  the  cell  membranes  of  mononuclear  leukocytes.  Figure  1  is  an  electron 
micrograph  of  a  mononuclear  cell  (macrophage)  in  the  act  of  phagocitizing  ferritin. 
Figure  2  shows  such  a  cell  with  localized  ferritin  in  what  has  been  interpreted  to 
be  aphagosome.lt  should  be  noted  that  cells  derived  from  peritoneal  exudates  of 
animals  not  sensitized  to  ferritin  were  less  frequently  observed  to  be  involved  in 
this  process  of  ferritin  phagocytosis. 

Approximately  10%  of  the  peritoneal  exudate  cells  sensitized  to  ferritin  were 
mononuclear  cells,  identified  as  lymphocytes,  which  had  ferritin  bound  to  the 
cell  membrane.  The  binding  was  observed  on  intact  cells  as  seen  in  Figure  3,  and 
on  the  cell  membrane  of  disrupted  cells  as  demonstrated  in  Figure  4b.  Also  of 
particular  note  in  respect  to  the  binding  of  ferritin  to  ferritin-sensitized  exudate 
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cells,  is  that  such  an  attachment  was  found  on  cells  or  cellular  membrane  debris 
present  in  the  same  field  as  viable  nonferritin-bound  exudate  cells  (Figure  4a). 
However,  the  cause  for  the  observed  loss  of  cellular  integrity  and  subsequent  de¬ 
generation  of  the  ferritin  bound  cells  is  unknown  at  the  present  time.  Additionally, 
although  over  200  cells  from  each  of  the  2  control  groups  were  examined,  ferritin 
binding  was  never  observed.  Note:  Figure  4a  is  the  only  electron  micrograph 
demonstrating  post -stained  cells.  All  other  figures  are  of  unstained  materials. 


DISCUSSION 


This  study  supports  the  suggestions  made  by  Goldberg,  et  al.,  (1962)  for  the 
pathogenesis  of  a  delayed  reaction,  insofar  as  immunization  with  a  given  antigen 
does  apparently  “sensitize”  a  small  fraction  of  the  reticuloendothelial  cell  popu¬ 
lation.  Thus,  we  have  observed  a  much  greater  number  of  cells  from  donor  guinea 
pigs  sensitized  to  ferritin,  under  the  guise  of  the  tuberculin  bacillus,  to  be  involved 


View  of  the  periphery  of  a  mononuclear  peritoneal  exudate  cell  from  a  ferritin 
sensitized  guinea  pig.  The  cell  appears  to  be  in  the  acto  of  phagocytizing  ferritin 
granules  (F) ;  5  8 ,000x ;  unstained . 


Figure  1. 
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Figure  2.  Peritoneal  exudate  macrophage  from  a  ferritin  sensitized  animal  depicting  a 
phagosome  containing  aggregates  of  dense,  55A,  ferritin  granules  (F);  nucleus 
(N) ;  unstained ;  5 5 ,000x. 

in  the  process  of  phagocytosis  of  this  ferritin  moiety;  and  more  particularly,  to 
specifically  bind  ferritin  onto  the  membrane  of  about  10%  of  the  mononuclear 
cells  out  of  a  total  peritoneal  exudate  population.  This  latter  phenomenon  supports 
the  concept  of  a  cell-bound  antibody  postulated  by  Papenheimer  (1958).  More¬ 
over,  such  an  observation  also  indicates  a  factor  of  specificity  for  antigen  uptake 
by  sensitized  cells  in  vitro,  and  appears  to  be  in  keeping  with  the  cell-bound  anti¬ 
body  postulated  by  Rauch  and  Raffel  (1965)  in  cells  derived  from  animals  given 
a  protein  preparation  having  encephalitogenic  capacities.  Additionally,  the  results 
of  this  electron  microscopy  study  are  also  in  agreement  with  the  work  of  Eisen 
(1969)  who  demonstrated  the  localization  of  labeled  antigen  onto  the  cytoplasmic 
membrane  of  mononuclear  cells  by  autoradiography.  Eisen  (1969)  suggested  that 
specifically  sensitized  lymphocytes  have  antigen  recognition  sites  (cytophilic 
antibody)  not  present  on  other  lymphocytes,  and  that  consequently,  the  delayed 
reaction  is  initiated  by  the  union  of  sensitized  lymphocytes  and  antigen. 

In  a  review  article,  Silitzeanu  (1968)  cited  several  workers  who  have  indicated 
the  presence  of  lymphoid  cell-antigen  interaction.  He  also  pointed  out  that  follow¬ 
ing  the  interaction,  the  lymphocytes  became  desensitized  (Asherson  and  Stone, 
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Figure  3.  Unstained  lymphocyte  from  a  guinea  pig  hypersensitive  to  ferritin,  which 
demonstrates  extensive  binding  of  ferritin  granules  (F)  to  the  cell  membrane; 
nucleus  (N);  37,000x. 

1967)  and  the  release  of  an  in  vitro  macrophage  blocking  agent  (MIF)  occurred 
(Bennett  and  Bloom,  1967).  From  the  latter  study  (Bennett  and  Bloom,  op.  cit.), 
it  would  appear  that  MIF  is  detectable  in  a  sensitized  lymphocyte  culture  after 
6  hrs  of  incubation,  and  that  MIF  is  a  synthesized  rather  than  a  pre -formed  ma¬ 
terial  resulting  from  antigen-cell  interaction.  Therefore,  it  may  be  that  the  antigen- 
sensitized  cell  interaction  noted  in  our  study  is  the  prerequisite  for  MIF  production 
and  “blast-cell”  transformation  in  other  lymphocytes  of  a  peritoneal  exudate 
population  as  described  by  Bennett  and  Bloom  (op.  cit.).  In  this  regard  Jureziz, 
et  al.y  (1970)  reported  successful  transfer  of  delayed  hypersensitivity  skin  reactions 
in  the  guinea  pig  system  by  use  of  lymphoid  cells  pre-treated  with  RNA  from 
sensitized  lymphocytes.  Interspecies  transfer  of  delayed  hypersensitivity  with 
RNA  extracts  has  also  been  reported  (Plaque  and  Dray,  1970). 
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Hence,  it  may  be  that  in  the  guinea  pig  system  RNA  is  the  active -factor  released 
upon  sensitized  cell-antigen  interaction  which  is  later  responsible  for  the  synthesis 
of  such  substances  as  MIF  by  lymphocytic  cells.  Further  work  is  presently  being 
performed  in  our  laboratory  in  an  attempt  to  evaluate  the  possible  correlation  or 
lack  of  correlation  between  these  observed  phenomena. 
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DEPURATION  OF  COPPER  AND  ZINC  BY  CRASSOSTREA 
VIRGINICA  (AMERICAN  OYSTER) 

by  R.  J.  SCRUDATO  and  E.  L.  ESTES 

Texas  A  &  M  University,  Moody  College  of  Marine  Sciences  and 
Maritime  Resources,  Galveston  77550 

ABSTRACT 

Depuration  of  copper  and  zinc  by  the  American  oyster  ( Crassostrea  virginica )  was  studied 
in  an  aquarium  with  artificial  seawater  (24  to  28  ppt)  at  22  C.  During  the  48-day  period, 
copper  concentrations  decreased  from  110  to  4  ppm;  zinc  concentrations  from  1700  to  135 
ppm. 

Copper  and  zinc  concentrations  were  affected  by  quantitative  and  qualitative  changes  in 
tissue  fluids  related  to  water  salinity  variations. 

INTRODUCTION 

Mollusks  growing  in  coastal  waters  contaminated  by  municipal  and  industrial 
wastes  are  known  to  concentrate  various  organic  and  inorganic  wastes. 

Although  many  trace  metals  are  recognized  as  health  hazards,  little  research 
has  been  conducted  on  trace  metal  depuration  by  mollusks.  One  of  the  few  re¬ 
ported  studies  is  by  Ikuta  (1968),  who  studied  the  ability  of  oysters  collected 
from  Akamizu  Inlet,  Japan,  to  purge  abnormally  high  concentrations  of  copper 
and  zinc.  Oysters  were  transferred  from  copper  and  zinc  contaminated  waters  to 
a  less  contaminated  part  of  the  bay  and  the  purgation  of  copper  and  zinc  was 
studied.  Ikuta’s  results  indicate  that  oysters  are  capable  of  purging  copper  and 
zinc  and  reach  background  concentration  levels  in  1 16  days. 

METHODS  AND  PROCEDURES 

The  object  of  this  study  was  to  determine  whether  American  oysters  ( Crassos¬ 
trea  virginica )  are  capable  of  purging  accumulated  levels  of  copper  and  zinc  in  an 
aquarium  environment.  One  hundred  and  fifty  oysters  were  collected  during  the 
fall  of  1973  from  Sabine  Lake,  a  shallow  water  southeast  Texas  estuary  (Figure  1). 
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Figure  1.  Location  of  Sabine  Lake.  Oysters  were  collected  along  the  southeast  (Louisiana) 
side  of  the  estuary. 

Twelve  of  the  oysters  were  initially  analyzed  for  copper  and  zinc  in  order  to  estab¬ 
lish  background  concentrations.  The  remaining  oysters  were  placed  in  a  closed 
system,  artificial  seawater  aquarium.  Whole  oyster  tissue  samples  were  periodic¬ 
ally  sampled  and  analyzed  during  a  48 -day  period  to  determine  the  extent  cop¬ 
per  and  zinc  decreased. 

The  study  was  conducted  in  a  1.2x0.6x0.6m  fiberglass-lined  plywood  aquar¬ 
ium  (Figure  2).  Four  hundred  and  fifty  liters  of  artificial  seawater  were  circu¬ 
lated  through  a  crushed  limestone  filter  bed  at  flow  rates  of  20  1/min.  Water  tem¬ 
perature  remained  near  22  C  and  dissolved  oxygen  was  at  or  near  saturation  levels. 
Salinity  variation,  due  to  evaporation,  ranged  from  23  to  28  ppt. 

The  oysters  were  grouped  in  clusters  of  6  to  8  specimens  and  suspended  in  the 
water  column  in  open  mesh  (.25  cm)  nylon  bags.  Every  3  days  the  oysters  were 
fed  finely -ground  high  protein  commercial  fish  food  (Tetramin).  Part  of  the  cir¬ 
culation  water  was  changed  every  3  days, amounting  to  200  1  during  the  48-day 
study. 


ANALYTICAL  PROCEDURES 

Whole  oyster  tissue  samples  were  placed  on  absorbing  towels  and  allowed  to 
stand  for  15  min  before  weighing.  After  the  wet  weight  was  determined,  samples 


DEPURATION  OF  COPPER  AND  ZINC 


439 


Figure  2.  Schematic  diagram  of  oyster-holding  tank:  (1)  holding  tank,  (2)  limestone 
filter,  (3)  water  pump,  (4)  oyster-  clusters  suspended  in  nylon  mesh  bags. 

were  dried  for  24  hours  at  35  C  and  reweighed.  Dried  tissue  samples  were  placed 
in  250  ml  beakers  to  which  20  ml  of  concentrated  nitric  acid  was  added.  Samples 
were  gently  heated  for  8  hrs.  After  cooling,  10  ml  of  concentrated  perchloric 
acid  were  added  to  each  sample.  Samples  were  then  heated  to  fumes  of  perchloric, 
covered  and  allowed  to  reflux  for  30  min.  Digested  samples  were  filtered  through 
medium-textured  qualitative  filter  paper,  transferred  to  100  ml  volumetric  flasks 
and  brought  to  volume.  Blanks  were  prepared  with  each  sample  group. 

Copper  and  zinc  concentrations  were  determined  with  a  Perkin -Elmer  model  303 
atomic  absorption  spectrophotometer.  Metal  concentrations  were  normalized  to 
the  wet  weight  to  dry  weight  variations  noted  during  the  course  of  the  study.  This 
was  accomplished  by  averaging  the  wet  weight/dry  weight  ratios  of  the  12  initially 
sampled  oysters  and  normalizing  all  subsequent  samples  to  the  12  sample  mean 
value . 

RESULTS 

Decreases  in  copper  and  zinc  concentrations  in  oysters  relative  to  time  are 
illustrated  in  Figures  3  and  4.  Although  wide  variations  are  evident,  both  metals 
decrease  with  overall  time.  The  higher  copper  and  zinc  concentrations  of  the 
9-day  samples  are  believed  to  be  related  to  acclimation  of  the  oysters  to  the 
more  saline  aquarium  waters  (23  ppt  compared  to  5  ppt  at  the  collection  site). 
After  13  days,  metal  concentrations  decreased  abruptly  and  continued  to  slowly 
decline  for  the  remainder  of  the  study. 
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Figure  3.  Decrease  in  copper  concentrations  with  time  for  Crassostrea  virginica.  Bars 
represent  standard  deviations  and  means  of  copper  concentration.  Parenthesized 
numbers  (12)  represent  number  of  specimens  analyzed  for  each  time  period. 
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Figure  4.  Decrease  in  zinc  concentration  relative  to  time  for  Crassostrea  virginica.  Bars 
represent  the  standard  deviations  and  means  of  zinc  concentration  for  each 
sample  group.  Parenthesized  numbers  (12)  represent  the  number  of  specimens 
analyzed  for  each  time  period. 
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During  the  48-day  period,  there  were  marked  increases  in  the  wet  weight/dry 
weight  ratios.  The  initial  12-sample  wet  weight/dry  weight  ratio  was  7.3,  whereas 
the  48-day  ratios  were  as  high  as  45.0.  This  ratio  change  suggests  that  the  oysters 
were:  -1)  not  actively  feeding,  or  2)  exhibited  considerable  water  gain. 

DISCUSSIONS 

It  is  evident  from  data  outlined  in  this  paper  that  oysters  are  able  to  purge  cop¬ 
per  and  zinc  under  aquarium  conditions.  During  the  48 -day  study  period,  copper 
concentrations  decreased  from  an  average  of  about  110  ppm  to  4  ppm.  Zinc 
levels  declined  from  a  maximum  of  about  1700  ppm  to  135  ppm  during  the  same 
period. 

Results  of  this  study  also  indicate  that  wet-weight  metal  (Cu  and  Zn)  concen¬ 
trations  in  oyster  tissue  is  dependent  on  the  body  fluid  weight  of  the  organism. 
Copper  and  zinc  concentrations,  as  determined  by  wet-weight  analysis,  will  vary 
according  to  local,  diurnal  and  semidiurnal  salinity  variations.  If  oyster  tissue  is 
exposed  to  low  salinity  waters,  osmotic  pressures  will  tend  to  cause  net  move¬ 
ment  of  water  across  the  membranes  resulting  in  an  apparent  decrease  in  metal 
concentrations  as  dilution  occurs  within  the  organism.  Conversely,  it  would  appear 
that  a  high  salinity  environment  would  lead  to  a  net  withdrawal  of  tissue  fluids, 
resulting  in  an  apparent  metal  increase  if  metal  concentration  determinations  are 
made  on  a  wet  weight  basis. 

As  the  oysters  involved  in  this  study  experienced  an  apparent  loss  of  dry  tissue 
weight,  without  any  apparent  ill  effects,  it  was  necessary  to  normalize  wet-weight 
metal  concentrations  to  determine  actual  changes  in  trace  ion  concentrations 
within  body  fluids  arid  tissues.  Without  such  normalization,  it  is  evident  that 
a  drastic  loss  of  contaminants  would  be  reported  due  to  the  dilution  effect  of 
added  water.  It  is  recognized  that  the  dry  weight  loss  could  be  related  to  use  of 
stored  food  reserves  by  the  organisms.  Even  if  this  was  the  case,  the  organisms 
were  still  able  to  purge  abnormally  high  metal  concentrations  when  placed  in  a 
clean  water  environment. 

It  is  suggested,  therefore,  that  the  wet  weight/dry  weight  ratios  of  organisms 
should  be  reported  in  estuarine  organism  trace  metal  studies.  This  is  particularly 
important  when  dealing  with  estuarine  fauna  which  are  subject  to  daily  salinity 
variations. 
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ABSTRACT 

A  study  was  conducted  during  the  summer  and  fall  months  of  1970  to  determine  the 
composition  of  the  woody  vegetation  along  selected  creeks  in  Nacogdoches  County,  Texas. 
Two  hundred,  (5m)2  plots  in  each  of  7  communities  associated  with  4  creeks  were  investi¬ 
gated.  These  4  creeks  were  positioned  in  bottomland,  transition,  and  upland  areas.  Data 
recorded  included  density,  frequency,  and  dominance  values. 

Results,  based  on  importance  value,  showed  Carpinus  caroliniana  Walt,  to  be  the  overall 
dominant  species  of  the  creekside  areas.  The  forest  overstory  was  generally  dominated  by 
Liquidambar  Styraciflua  L.,  Quercus  nigra  L.,  and  Quercus  alba  L.  The  understory  layer 
consisted  mainly  of  overstory  transgressives  and  Carpinus  caroliniana,  Ostrya  virginiana 
(Min.)  K.  Koch,  and  Ilex  opaca  Ait.  The  shrub  and  seedling  layer  consisted  mostly  of  trans¬ 
gressives  of  upper  canopies  and  Callicarpa  americana  L.,  Itea  virginica  L.  and  Ascyrum 
hypericoides  L. 

INTRODUCTION 

East  Texas  is  a  region  of  low  rolling  hills  with  varying  forest  cover.  Because  of 
this  variation  ^nany  descriptive  titles  have  been  assigned  to  its  vegetation .  The  study 
area  is  within  Tharp’s  Pine-oak  Forest  region  and  Braun’s  Oak -pine  Forest  region 
and  no  doubt  pines  and  oaks  are  prevalent  on  a  regional  basis.  The  vegetation 
along  creeks  and  rivers,  however,  may  vary  considerably  from  that  of  the  sur¬ 
rounding  area  (Gemborys  and  Hodgkins,  1970;  Sullivan  and  Nixon,  1971; 
Nixon,  et  al.„  1973,  Chambless  and  Nixon,  1975)  and  in  east  Texas  little  quani- 
tative  work  has  been  done  to  characterize  these  differences.  The  purpose  of  this 
study  was  to  describe  and  compare  the  woody  vegetation  found  in  close  prox¬ 
imity  to  selected  creeks  in  Nacogdoches  County,  Texas.  The  field  studies  were 
conducted  in  the  summer  and  fall  of  1970. 

Climate  and  Soil 

The  climate  of  the  East  Texas  region  is  mild.  Temperatures  rarely  exceed 
105  F  in  the  summer  or  fall  below  10  F  in  the  winter.  Rainfall  is  normally 
well  dispersed  throughout  the  year,  averaging  47  inches  annually . 

The  soils  of  Nacogdoches  County  are  mostly  derived  from  sandstone  parent 
material,  and  are  mainly  fine,  light-colored  or  red  sands  or  fine  sandy  loams. 
These  soils  are  normally  well  drained  and  are  medium  to  strongly  acid.  The  soil 
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along  creeks  often  differs  from  that  of  the  surrounding  areas  because  of  the  allu¬ 
vial  effects  of  the  stream.  The  relief  in  the  Nacogdoches  area  is  uneven,  with  a 
general  north  to  south  slope.  Elevations  usually  range  from  200  to  400  ft.  The 
land  is  deeply  carved  in  places  by  stream  erosion. 

Description  of  Study  Areas 

The  study  was  conducted  on  4  creeks  within  Nacogdoches  County,  Texas. 
These  creeks  were  selected  because  of  their  apparent  lack  of  disturbance  by 
factors  such  as  logging  or  grazing.  It  is  very  probable  that  the  vegetation  along 
these  creeks  was  disturbed  in  the  past. 

Bernaldo  Creek  (bottomland)  was  located  in  the  floodplain  of  the  Angelina 
River  in  the  Stephen  F.  Austin  Experimental  Forest.  The  banks  of  the  creek 
were  very  gently  sloping,  giving  little  evidence  of  rapidly  flowing  water.  The 
terrain  surrounding  this  creek  was  level.  Evidence  of  frequent  flooding  could 
be  seen  in  the  watermarks  on  tree  trunks.  As  a  result  of  this  flooding,  the  forest 
was  entirely  hardwood  and  had  very  little  undergrowth. 

Bernaldo  Creek  (transition)  was  situated  between  bottomland  and  upland 
on  Bernaldo  Creek.  This  part  of  the  creek  was  situated  on  the  western  boundary 
of  the  Stephen  F.  Austin  Experimental  Forest,  near  the  Angelina  River.  The 
creek  channel  varied  from  6  to  10  ft  wide  and  was  about  3  to  5  ft  deep.  The  banks 
were  steep  and  showed  signs  of  rapidly  flowing  water  during  periods  of  heavy 
rainfall.  The  land  around  the  creek  was  fairly  level  and  sustained  an  open  forest. 

The  3rd  site  studied  was  Bernaldo  Creek  (upland)  and  was  located  about  1 
mi.  north  of  Harmony  Church  community  on  Farm  Road  2782.  The  terrain 
in  this  area  was  hilly  and  showed  some  evidence  of  erosion.  The  forest  close 
to  the  creek  had  been  recently  cut,  but  a  strip  along  each  side  of  the  creek  had 
been  left  undisturbed.  The  sides  of  the  creek  were  steep,  often  rising  15  to  20 
ft.  above  the  stream  bed.  The  creek  was  fairly  clear  and  swift  running,  and  at 
times  had  a  gravel  bottom.  The  forest  along  the  creek  was  mixed  pine  and  hard¬ 
wood  with  dense  understory  in  some  places  forming  thickets  of  brush  and  vines. 

Black  Bayou  was  located  about  a  quarter-mile  west  of  U.  S.  Highway  59, 
6  mi.  south  of  Nacogdoches,  Texas.  Because  the  creek  was  dammed  to  form 
Fern  Lake,  it  flows  only  when  rainfall  provides  sufficient  runoff.  Although  the 
creek  is  in  a  small  valley,  the  floor  is  level.  The  creek  had  a  winding  channel 
about  5  ft.  wide  and  3  ft.  deep  and  showed  evidence  of  a  rapidly  flowing  condition 
during  rainy  periods.  The  forest  around  the  creek  was  mixed  pine-hardwood,  and 
was  fairly  open. 

Jack  Creek  was  also  located  in  the  Stephen  F.  Austin  Experimental  Forest. 
This  creek,  in  a  rolling  upland  area,  had  cut  a  channel  along  the  base  of  a  small 
hill.  The  sides  of  the  channel  were  generally  steep,  and  the  water  rapid-flowing. 
The  understory  vegetation  was  dense  in  places  where  the  overstory  canopy 
was  open.  The  forest  was  mostly  hardwood,  although  a  few  pines  were  present. 

The  6th  study  area  was  on  a  branch-  of  Naconiche  Creek  in  the  northern 
part  of  Nacogdoches  County.  Since  two  branches  of  Naconiche  Creek  were 
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studied,  these  sites  will  be  known  as  Naconiche  Creek  I  and  Naconiche  Creek 
II,  the  present  site  being  Naconiche  Creek  I.  This  was  a  narrow,  rapid -flowing 
creek  with  at  times  a  rock  bottom.  The  creek  was  situated  in  a  narrow  ravine. 
The  sides  of  the  creek  were  alternately  steep  and  gently  sloping.  The  forest  was 
a  pine-hardwood  mixture  and  had  an  open  floor. 

The  7th  creek  area  studied  was  also  on  a  branch  of  Naconiche  Creek;  hence 
it  will  be  called  Naconiche  Creek  II.  It  was  located  about  a  mile  from  Naconiche 
Creek  I  in  the  northern  part  of  Nacogdoches  County.  It  was  in  a  large  ravine 
with  fairly  steep  sides.  The  creek  oftentimes  displayed  a  rock  bottom,  and  was 
clear  and  rapid-flowing.  There  were  several  springs  along  the  sides  of  the  ravine, 
making  the  area  more  moist  than  the  other  upland  sites.  Although  there  were 
pines  present,  the  forest  was  predominantly  hardwood. 

METHODS 

A  preliminary,  subjective  reconnaisance  was  made  of  each  site  to  determine 
its  suitability  for  the  study,  based  mostly  upon  the  appearance  of  the  forest. 
When  the  site  had  been  selected,  100  continuous  (5  m)2  plots  were  established 
in  a  belt  along  each  side  of  the  creek,  making  a  total  of  200  plots  for  each 
site.  Fourteen  hundred  plots  were  examined  during  the  study.  Where  the  con¬ 
volutions  of  the  creek  prevented  a  square  plot,  an  area  of  25  square  meters 
was  approximated.  Data  collected  included  the  species  present  in  each  plot  and 
their  diameter  at  breast  height  (dbh)  taken  at  about  4 Vi  ft.  above  the  ground. 
Seedling  counts  were  made  of  each  species  to  obtain  indication  of  stand  re¬ 
generation.  Plants  with  a  dbh  less  than  1  centimeter  were  classified  as  seedlings. 

From  the  data  thus  obtained,  frequency,  relative  frequency,  density,  relative 
density,  and  relative  dominance  values  were  calculated  for  each  species  in  each 
area.  From  this  information  an  importance  value,  the  sum  of  the  relative  fre¬ 
quency,  relative  density,  and  relative  dominance  was  calculated.  To  determine 
stand  regeneration,  the  tree  diameters  were  divided  into  10  cm  increments. 
The  diameters  recorded  were  then  placed  in  the  proper  classification  and  the 
general  size  structure  of  the  forest  was  depicted. 

The  woody  vegetative  cover  of  each  site  was  divided  into  3  layers;  an  over¬ 
story  consisting  of  the  tallest  trees  on  the  site,  an  understory  of  smaller  trees  and 
transgressives  of  the  overstory,  and  a  shrub  or  seedling  layer  consisting  of  small 
woody  plants  including  seedlings  of  representatives  of  upper  layers.  These 
layers  were  generally  evident,  and  easily  defined. 

A  community  ordination  was  accomplished  with  the  7  creekside  communities 
following  the  procedure  set  forth  by  Cox  (1972).  To  supplement  this  data, 
cluster  analyses  were  used  to  cluster  communities.  Both  the  community  ordination 
and  the  cluster  analyses  were  based  on  species  composition  and  their  respective 
importance  values. 

Nomenclature  followed  Correll  and  Johnston  (1970). 
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TABLE  1  (Continued) 

*  Importance  value  is  the  sum  of  relative  frequency ,  relative  density,  and  relative  dominance. 
**  Other  species  present:  Acer  negundo,  Aralia  spinosa,  Bumelia  lanuginosa,  Callicarpa  am- 
ericana,  Cary  a  aquatica,  Cary  a  cordiformis,  Celtis  laevigata,  Cephalanthus  occidentalis,  Cercis 
canadensis,  Comus  foemina,  Crataegus  marshallii,  Crataegus  spathulata,  Crataegus  spp.  , 
Diospyros  virginiana ,  Euonymus  americanus,  Fagus grandi folia,  Fraxinus  americana,  Fraxinus 
pensylvanica,  Gleditsia  triacanthos,  Ilex  decidua,  Morns  rubra,  Prunus  mexicana,  Quercus 
phellos,  Quercus  prinus,  Salix  nigra,  Sassafras  albidum,  Tilia  spp.  ,  Ulmus  spp.  ( americana 
&  rubra),  Vaccinum  arboreum,  Viburnum  rufidulum,  Zanthoxylum  clava-herculis,  Acer 
saccharum,  Alnus  serrulate,  Asimina  parvi flora,  Asimina  triloba,  Cary  a  ovata,  Cary  a  texana, 
Cary  a  tomentosa,  Castanea  spp.  ,  Chionanthus  virginica,  Crataegus  opaca,  Ilex  ambigua, 
I  tea  virginica,  Juglans  nigra,  Juniperus  virginiana,  Lindera  benzoin,  Magnolia  virginiana, 
Pinus  echinata,  Prunus  serotina,  Prunus  spp.  ,  Quercus  stellata,  Quercus  velutina,  Rhamnus 
caroliniana,  Rhododendron  canescens,  Sambucus  canadensis,  Sebastiana  fruticosa,  Styrax 
americana,  Symplocos  tinctoria,  Vaccinium  amoenum,  Vaccinium  virgatum. 


RESULTS 

The  vegetation  of  Bernaldo  Creek  (bottomland)  was  dominated  by  sweetgum 
{Liquidambar  Styraciflua )  and  water-elm  {Planer  aquatica )  (  Table  1).  The  over¬ 
story  canopy  consisted  mainly  of  sweetgum,  overcup  oak  {Quercus  lyrata), 
black -gum  {Nyssa  sylvatica ),  chestnut  oak  {Quercus  prinus ),  shagbark  hickory 
{Carya  ovata )  and  white  oak  {Quercus  alba).  The  understory  was  dominated 
by  water-elm,  blue  beech  {Carpinus  caroliniana),  deciduous  holly  {Ilex  decidua) 
and  transgressives  of  the  overstory.  The  shrub  and  seedling  layer  consisted  of 
transgressives  of  the  upper  canopies  as  well  as  scattered  individuals  of  St.  An¬ 
drews  cross  {Ascyrum  hypericoides),  American  beautyberry  {Callicarpa americana), 
common  elder-berrry  {Sambucus  canadensis),  Sebastian  bush  {Sebastiana  fruti¬ 
cosa)  and  common  buttonbush  {Cephalanthus  occidentalis).  All  of  the  following 
creekside  communities  had  transgressives  and  seedlings  of  upper  layers  in  under¬ 
story  layers  and  therefore  will  not  be  alluded  to  as  a  part  of  their  description. 

Moving  out  of  the  bottomland  into  the  transition  to  upland  on  Bernaldo 
Creek  brought  about  changes  in  vegetative  composition.  Blue  beech  and  water 
oak  {Quercus  nigra)  were  dominant  (Table  1).  The  more  abundant  overstory 
species  were  water  oak,  sweetgum,  southern  red  oak  {Quercus  falcata),  chest¬ 
nut  oak,  black -gum  and  white  oak.  The  understory  plants  were  blue  beech, 
eastern  hop-hornbeam  {Ostrya  virginiana)  and  winged-elm  {Ulmus  alata).  The 
ground  layer  consisted  of  common  buttonbush,  sweet-spire  {Itea  virginica ), 
St.  Andrews  cross,  sebastian  bush,  strawberry-bush  {Euonymus  americanus) 
and  silver  bell  {Styrax  americana). 

The  dominant  species  on  Bernaldo  Creek  (upland)  was  blue  beech  (Table  1). 
The  upper  vegetative  layer  consisted  of  loblolly  pine  {Pinus  taeda),  sweetgum, 
river  birch  {Betula  nigra),  white  oak  and  water  oak; and  red  maple  {Acer  rubrum) 
blue  beech,  eastern  hop-hornbeam,  flowering  dogwood  {Cornus  florida),  and 
American  holly  {Ilex  opaca)  constituted  the  middle  layer  of  vegetation.  The 
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shrub  and  seedling  layer  contained  the  blueberries  Vaccinium  amoenum  and 
V.  virgatum ,  St.  Andrews  cross,  dwarf  pawpaw  {Asimina  parviflora) ,  American 
beauty  berry,  Sebastian  bush  and  wax -myrtle  (Myrica  ceriferd). 

The  overall  dominant  species  on  Black  Bayou  were  blue  beech  and  loblolly 
pine.  Codominant  with  loblolly  pine  in  the  overstory  were  sweetgum,  white 
oak,  water  oak,  sweet  bay  ( Magnolia  virginiana )  and  black -gum.  The  mid-layer 
was  composed  primarily  of  blue  beech,  red  maple,  winged-elm  and  flowering 
dogwood.  The  shrub  and  seedling  layer  consisted  of  St.  Andrews  cross,  common 
buttonbush  and  wax-myrtle. 

The  dominant  species  on  Jack  Creek  was  eastern  hop-hornbeam  (Table  1). 
The  superimposed  layers  of  vegetation  on  this  creek  were  more  difficult  to 
define  than  on  other  sites.  The  overstory  was  discontinuous  and  consisted 
chiefly  of  river  birch,  white  oak,  red  maple,  southern  red  oak  and  bitternut 
hickory  {Cary a  cordiformis).  Eastern  hop-hornbeam,  American  holly  and  winged- 
elm  generally  comprised  the  middle  layer.  The  shrub  and  seedling  layer  was 
composed  primarily  of  blueberry  {Vaccinium  amoenum),  dwarf  pawpaw,  St. 
Andrews  cross,  American  beautyberry  and  sweet-spire. 

Blue  beech  was  dominant  on  Naconiche  Creek  I  (Table  1).  Principal  over¬ 
story  species  were  white  oak,  sweetgum,  sugar  maple  {Acer  saccharum),  short- 
leaf  pine  {Pinus  echinata ),  southern  red  oak  and  black -gum.  The  understory 
consisted  primarily  of  blue  beech  associated  with  eastern  hop-hornbeam,  Ameri¬ 
can  holly  and  flowering  dogwood.  The  seedling  and  shrub  layer  was  composed 
of  St.  Andrews  cross,  golden  St.  JohnVwort  {Hypericum  frondosum ),  hoary 
azalea  {Rhododendron  cane  seem)  and  common  elder-berry. 

The  most  dominant  species  on  Naconiche  Creek  II  was  beech -nut  tree  {Fagus 
grandifolia)  (Table  1).  This  species,  along  with  black-gum,  white  oak,  sweetgum  and 
short-leaf  pine,  dominated  the  forest  overstory.  The  mid-layer  consisted  mostly  of 
blue  beech,  eastern  hop-hornbeam,  flowering  dogwood,  red  maple  and  American 
holly.  Prevalent  shrubs  were  blueberry  {Vaccinium  amoenum),  wax-myrtle  and 
St.  Andrews  cross  associated  with  occasional  plants  of  strawberry -bush  and 
Carolina  holly  {Ilex  amhigua ). 

The  overall  dominants  in  creekside  communities  of  Nacogdoches  County  were 
blue  beech,  sweetgum,  water  oak,  eastern  hop-hornbeam,  white  oak  and  black- 
gum  (Table  1).  Blue  beech  was  the  dominant  species  in  5  of  the  7  study  areas. 
Based  on  seedling  counts  and  size  class  distribution,  all  of  the  dominant  species 
were  reproducing  and  maintaining  themselves  within  their  communities  (Table  2). 
Blue  beech  and  eastern  hop-hornbeam  are  generally  smaller,  mid-layer  trees 
and  therefore  are  not  expected  to  have  representatives  in  the  higher  size  classes. 
Most  of  their  stems  were  less  than  30  cm  in  diameter  (dbh).  With  the  exception 
of  loblolly  pine,  river  birch,  water-elm  and  overcup  oak,  the  remainder  of  the 
15  top  dominants  also  appeared  to  have  substantial  reproduction  (Table  2). 

Distributional  data  regarding  the  15  most  dominant  species  indicated  that 
most  were  present  in  varying  abundance  in  all  of  the  creekside  communities 
(Table  1).  Eastern  hop-hornbeam,  loblolly  pine,  flowering  dogwood  and  river 
birch  were  not  present  in  the  Bernaldo  Creek  (bottomland)  area.  Water-elm 


Size  classes  (dfoh)  of  the  dominant  creekside  species. 
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and  overcup  oak,  on  the  other  hand,  were  restricted  to  that  creekside  area. 
River  birch  was  not  recorded  in  the  Naconiche  Creek  communities. 

To  determine  affinities  of  communities,  an  ordination,  based  initially  on 
coefficients  of  similarity,  was  made.  This  ordination  reflected  a  disjunction 
between  Bernaldo  Creek  (bottomland)  and  the  upland  communitites  studied 
(Figure  1).  Cluster  analyses  gave  further  insight  into  the  rather  special  assemblage 
of  upland  communities.  Bernaldo  Creek  (upland)  and  Naconiche  Creek  I  were 
shown  to  be  the  most  closely  related.  Naconiche  Creek  II  was  then  added 
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to  this  group  with  Black  Bayou  and  Bernaldo  Creek  (transition)  forming  a 
separate  cluster.  These  2  groupings  were  then  united  leaving  Jack  Creek  as  a 
separate  entity.  It  should  also  be  poted  that  the  community  ordination  flow 
along  the  X  axis  is  generally  reflective  of  the  moisture  gradient  moving  from  the 
very  wet  Bernaldo  Creek  (bottomland)  habitat  to  the  fairly  dry  Bernaldo  Creek 
(upland)  habitat. 

DISCUSSION 

Woody  creedside  vegetation  in  Texas  has  received  little  attention  in  the  past. 
Tharp  (1939),  in  his  study  of  the  Pine-oak  Forest  region  of  Texas  listed  blue 
beech,  eastern  hop-hornbeam,  water  elm  and  mulberry  as  common  species 
along  creeks  and  in  river  bottoms.  Bitternut  hickory  was  listed  as  being  present 
in  bottoms  along  sloughs.  Our  study  showed  water  elm  to  be  located  in  the 
Angelina  River  bottom  community  and  mulberry  and  eastern  hop-hornbeam 
to  be  distributed  primarily  along  upland  creeks.  Bitternut  hickory  and  blue 
beech  were  present  in  both  bottomland  and  upland  creekside  habitats. 

The  dominant  creekside  species  in  our  study,  based  on  importance  value, 
were  blue  beech,  sweetgum,  water  oak,  eastern  hop-hornbeam, white  oak,  black- 
gum,  loblolly  pine  and  American  holly.  In  analyzing  an  upland  creekside  area 
in  Nacogdoches  County,  Texas,  Sullivan  and  Nixon  (1971)  listed  blue  beech, 
white  oak,  sweetgum,  black -gum,  red  maple,  sweet  bay  ( Magnolia  virginiana  L.) 
and  shortleaf  pine  ( Pinus  echinata  Mill.)  as  dominants.  Gemborys  and  Hodgkins 
(1970)  in  their  study  of  small  stream  bottoms  in  Alabama,  found  slash  pine 
(Pinus  elliottii  Engelm.),  yellow  poplar  (Liriodendron  tulipifera  L.),  sweetgum, 
water  oak,  black -gum,  sweet  bay  and  red  maple  dominating  the  bottoms  with 
longleaf  pine  (Pinus  palustris  L.),  dogwood,  southern  red  oak  and  hickory  (Cary a 
spp.)  on  the  drier  sites.  Other  than  the  absence  of  longleaf  and  slash  pine  and 
yellow  poplar,  the  results  of  our  study  compare  well  with  those  of  Gemborys 
and  Hodgkins  (1970). 

With  few  exceptions,  the  same  woody  plant  species  generally  dominated  the 
creekside  communities.  Community  variance,  therefore,  was  based  more  on  the 
extent  of  abundance  of  the  same  species  than  on  species  diversity.  Some  species, 
however,  did  display  a  somewhat  restricted  ecologic  amplitude.  Water-elm  and 
overcup  oak  were  recorded  only  in  the  bottomland  creekside  community.  These 
species  are  bottomland  inhabitants  in  east  Texas  (Correll  and  Johnston,  1970; 
Chambless  and  Nixon,  1975)  and,  as  a  result,  should  not  be  expected  along  better 
drained  upland  creeks.  The  absence  of  eastern  hop-hornbeam,  loblolly  pine  and 
flowering  dogwood  in  association  with  Bernaldo  Creek  (bottomland)  is  in  ac¬ 
cordance  with  their  general  upland  distributional  patterns.  The  more  haphazard 
occurrence  of  river  birch  is  probably  due  to  habitat  diversity  since  this  species 
colonizes  along  upland  streams  and  in  bottomlands  (Correll  and  Johnston,  1970). 
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THE  UPPER  TEXAS  GULF  COAST:  ENVIRONMENTAL  VARIABLES 
AND  HUMAN  ADAPTATIONS 
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41 78  Erie,  Houston  7708  7 

ABSTRACT 


The  Upper  Texas  Gulf  Coast  is  investigated  to  determine  possible  environmental  reasons 
which  would  explain  the  absence  of  agriculture  among  the  prehistoric  inhabitants  of  the  area. 
This  is  viewed  in  light  of  the  presence  of  agriculturalists  living  just  to  the  north.  Environmen¬ 
tal  variables  including  geology,  topography,  drainage,  climate  and  soil  are  investigated  as  to 
their  relationship  to  this  phenomena.  The  area  is  broken  down  into  several  microenvironments 
and  human  adaptations  to  each  are  isolated.  The  Anglo  period,  in  which  farming  was  practiced, 
is  contrasted  to  the  prehistoric  period  to  present  a  hypothesis  as  to  why  agriculture  was  feasible 
in  one  culture  and  not  in  the  other. 

INTRODUCTION 

The  Upper  Texas  Gulf  Coast  has  been  informally  referred  to  as  a  “cultural  sink” 
for  many  years  by  anthropologists  in  reference  to  the  low  level  of  cultural  com¬ 
plexity  exhibited  by  the  aboriginal  inhabitants  of  the  region,  the  Indians  known 
historically  as  the  Akokisa,  or  Atakapa.  A  statement  of  that  sort,  however,  implies 
a  comparison.  Clearly,  the  roving,  hunting  and  gathering  life  of  the  coastal  Ata- 
kapans  has  been  contrasted  to  the  sedentary,  agricultural  existence  of  their  neigh¬ 
bors  to  the  north  and  east.  As  near  as  50  mi  to  the  north,  the  Bidai  were  practicing 
agriculture  near  the  present  town  of  Conroe.  Further  north  and  east  were  the 
Caddoes,  a  highly  organized,  settled  group  of  agricultural  tribes  (Newcomb  ,1961). 
Aboriginal  agriculturalists  in  the  Mississippi  Valley ,  the  Southwest  and  the  Mexican 
Highlands  have,  of  course,  been  well  documented. 

The  simple  culture  of  the  coastal  Atakapans  was  intimately  related  to  their 
subsistence  pattern  of  hunting  and  gathering,  a  system  not  typically  amenable  to 
the  development  of  a  large,  complex  social  hierarchy,  permanent  settlement,  and 
the  other  characteristics  usually  associated  with  “advanced”  culture. 

The  aboriginal  Gulf  Coast  inhabitants  never  adopted  agriculture  as  a  subsistence 
base  but  remained  hunters  and  gatherers  until  the  intrusion  of  Anglo-American 
settlers  during  the  3rd  decade  of  the  19th  century.  These  white  settlers  introduced 
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agriculture  into  the  region,  and  soon  had  replaced  the  Indians  as  the  dominant 
human  inhabitants  of  the  Gulf  Coast.  A  glance  at  some  population  figures  will  illus¬ 
trate  how  complete  was  this  process  of  displacement.  In  1698  there  were  about 
1,750  Atakapans  in  Southeastern  Texas,  by  1908,  they  were  extinct  (Swanton, 
1911). 

How  the  Anglo  settlers  displaced  the  Atakapans  is  a  demonstration  of  the  Law 
of  Cultural  Dominance  (Sahlins,  1968),  which  states  that  cultural  dominance  goes 
to  technical  predominance,  the  cultural  type  that  develops  more  power  and  re¬ 
sources  in  a  given  environmental  space  will  spread  there  at  the  expense  of  indigenous 
and  competing  cultures.  In  this  case,  the  agricultural  system  of  the  Anglos  sup¬ 
planted  the  hunting  and  gathering  system  of  the  coastal  Atakapans. 

In  view  of  the  apparent  success  of  the  early  Anglo  agriculturalists,  several  per¬ 
tinent  questions  arise.  Why  was  an  agricultural  subsistence  base  never  adopted  by 
the  Atakapa  (or  Karankawa)?  What  factors  were  involved?  Would  not  these  same 
factors  affect  the  development  of  agriculture  by  the  early  Anglo  settlers?  If  so, 
why  were  the  whites  able  to  successfully  practice  agriculture? 

To  attempt  answers  to  these  questions  it  is  necessary  to  investigate  the  dynamics 
of  the  2  systems  in  question,  i.e.,  how  they  interacted  with  the  Gulf  Coast  environ¬ 
ment  to  provide  sustenance  for  their  respective  populations.  In  this  way,  a  better 
understanding  of  how  control  of  the  area  passed  from  Indian  to  White  should  be 
obtained.  First,  however,  it  would  be  beneficial  to  consider  the  geography  of  the 
Upper  Texas  Coast,  especially  with  regard  to  those  environmental  variables  which 
are  crucial  to  the  successful  exploitation  of  the  area  by  man. 

GEOLOGY  AND  TOPOGRAPHY 

The  Upper  Texas  Gulf  Coast  is  situated  in  the  Coastal  Plain  Physiographic  Prov¬ 
ince,  a  well-defined  lowland  that  borders  the  coasts  of  the  Gulf  of  Mexico  and  the 
Atlantic  Ocean  from  Yucatan  to  Southern  New  England  (Atwood,  1940).  The  sub- 
area,  more  particular  to  the  region  under  study  here,  is  termed  the  West  Gulf 
Coastal  Plain  and  extends  from  the  Mississippi  Alluvial  Plain  along  the  coast  into 
Mexico  (Fenneman,  1938). 

The  late  Quaternary  geological  history  of  this  part  of  the  Gulf  plain  has  been 
well-documented.  The  recent  Texas  Gulf  Coast  shoreline  was  developed  during 
this  late  period.  The  late  Pleistocene  marked  the  period  of  the  decline  of  sea  level, 
which  forced  the  coastal  rivers,  such  as  the  Brazos,  San  Jacinto,  Trinity  and  Colo¬ 
rado,  to  erode  deeply  and  entrench  their  valleys  to  reach  their  gradient.  These 
streams  reached  out  more  than  100  mi  past  the  present  shoreline  to  discharge  into 
the  sea.  This  100  mi  or  so  dropped  approximately  450  ft  to  the  then-present  sea 
level  (LeBlanc  and  Hodgson,  1959). 

Within  the  last  10,000  years,  sea  level  began  to  rise  again,  causing  the  rivers  to 
alluviate  their  entrenched  valleys  (Saucier,  1963).  Five  thousand  years  ago,  when 
sea  level  reached  its  present  level,  the  lower  portions  of  the  entrenched  river  valleys 
were  drowned,  forming  a  series  of  estuaries. 
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The  topographic  features  closely  reflect  the  geological  substructure.  The  land 
is  generally  flat  and  very  monotonous,  with  a  dip  of  a  foot  or  so  per  mile  going 
south  toward  the  coast.  The  only  topographic  features  outside  of  a  few  steep 
bayou  banks  are  blow-outs  and  small  knolls  of  disputed  origin  (Plummer,  1932). 

Geologically,  the  area  is  ahomoclinal  structural  plain,  composed  of  overlapping 
formations  which  dip  gently  toward  the  coast. 

Some  of  the  older  formations  are  marine  in  origin ,  having  been  laid  down  during 
periods  of  submergence  and  are  separated  by  erosional  unconformities  correspond¬ 
ing  to  periodic  submergence  and  emergence  (Chamberlin  and  Salisbury,  1930).  The 
more  recent  deposits  are  of  fluvial  origin. 

The  present  surface  is  made  up  of  the  Beaumont  and  Lissie  Formations,  hard 
clays  (vertisols)  which  overlie  the  Pliocene  sand.  The  newer  river  deposits  overlie 
these  formations. 

DRAINAGE  PATTERNS 

The  region  is  characterized  by  a  young  drainage  system  (Sutherland,  1908). 
The  pre -Pleistocene  rivers,  the  Colorado  and  Brazos,  head- inland  and  pass  across 
the  coastal  plain,  which  they  have  deeply  incised.  Smaller  streams  and  bayous  of 
Pleistocene  age  head  at  springs  along  the  plain  or  are  the  result  of  localized  runoff. 
Such  streams  include  the  San  Jacinto  River,  Buffalo  Bayou, Clear  Creek  and  Spring 
Creek. 

Buffalo  Bayou  starts  near  the  Waller/Harris  County  line,  flows  south  and  east 
through  Fort  Bend  County,  then  eastward  through  Houston.  The  lower  reaches 
of  it  widen  to  form  part  of  the  Houston  Ship  Channel.  Its  main  tributaries  include 
White  Oak  Bayou,  Brays  Bayou,  Turkey  Creek  and  South  Mayde  Creek.  Buffalo 
Bayou,  at  one  time,  had  a  notorious  reputation  for  flooding,  so  in  the  mid-1940s, 
the  United  States  Army  Corps  of  Engineers  built  2  low  dams  near  the  town  of 
Addicks  to  alleviate  the  problem.  Addicks  Dam  was  constructed  to  regulate  the 
flow  of  water  in  South  Mayde  Creek  and  also  in  Langham,  Horsepen,  Bear  and 
Turkey  Creeks.  Barker  Dam  was  constructed  on  the  main  channel  of  Buffalo  Bayou 
to  regulate  its  flow.  A  3rd  project,  White  Oak  Dam,  was  to  be  constructed  on 
Buffalo  Bayou  but  was  never  built. 

Brays  Bayou  heads  to  the  west,  below  Buffalo  Bayou,  and  flows  eastward  to 
its  junction  with  the  Houston  Ship  Channel. 

Sims  Bayou  starts  south  of  the  present  day  Main  Street  in  Houston  and  flows 
eastward  to  the  Ship  Channel,  picking  up  considerable  water  in  its  course. 

Spring  Creek  and  Cypress  Creek  form  the  northern  border  of  Harris  County 
and  flow  gradually  eastward  to  the  San  Jacinto  River. 

To  the  south  of  Houston  is  Armand  Bayou  and  Taylor  Bayou,  which  drain 
southward  to  Clear  Lake,  and  Clear  Creek,  which  drains  eastward  to  Clear  Lake. 
These  3  streams  account  for  the  vast  majority  of  drainage  south  of  Sims  BayQU. 
The  conditions  surrounding  Armand  Bayou  north  of  Bay  Area  Boulevard  in  South¬ 
ern  Harris  County  are  interesting  in  that  they  reflect  the  paleotopography  in  an 
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area  where  construction  and  urbanization  have  not  destroyed  the  traces.  The 
bayou  is  deeply  incised  in  this  region  and  is  bounded  on  the  west  bank  by  fields 
of  sand.  This  sand,  however,  is  not  found  on  the  east  bank.  The  dunes  are  appar¬ 
ently  the  result  of  aeolean  transport  as  evidenced  by  the  great  number  of  blowouts 
and  accompanying  ponds.  As  noted  previously,  this  phenomena  is  obvious  (at 
least  in  pre -urbanization  days)  west  of  Houston,  where  the  wind  has  blown  away 
the  sand  and  exposed  the  underlying  Beaumont  Clay. 

The  Lower  Trinity  River  is  bounded  on  the  east  and  west  by  the  Beaumont 
Formation  of  Lake  Charles  Clay.  The  area  ranges  in  elevation  from  35  to  75  ft 
and  supports  a  forest  of  pines  and  hardwoods.  The  lower  delta  is  slightly  higher 
than  base  0  sea  level  and  is  subjected  to  yearly  floods. 

Progressing  up  the  river,  the  Beaumont  Formation  gives  way  to  the  Lissie  For¬ 
mation  as  the  surface  unit  of  the  upland  terraces.  Quaternary  alluvium,  beach 
sand  and  near-stream  terrace  deposits  such  as  gravel,  sand,  silt  and  clay  make  up 
the  river  bed  sediments.  This  part  of  the  river  courses  through  thick  forests  and  a 
few  irrigated  croplands. 

CLIMATE 

The  Gulf  Coast  is  characterized  as  having  a  humid,  subtropical  climate  with 
long  hot  summers  having  temperatures  sometimes  over  100  F  (Blair,  1942).  Humid¬ 
ity  during  this  period  is  usually  70%  or  higher.  Winters  are  usually  mild,  but  when 
the  winds  blow  from  the  continental  interior,  the  temperatures  plunge  to  well 
below  freezing. 

The  mean  annual  temperature  is  69.1  F  (20.6  C)  with  a  variable  range  of  5  0.0  F 
(10.0  C).  January  is  the  coldest  month  with  a  mean  temperature  of  5  3.0  F  (11.8C) 
and  the  warmest,  July,  83.3  F  (28.5  C).  Eighty  days  have  temperatures  of  90.0  F 
(32.2  C)  or  higher  and  only  9  days  have  temperatures  which  dip  below  freezing. 
The  growing  season  is  294  days.  The  wettest  month  is  May,  with  over  4.5  in 
(1 1.5  cm)  of  rain,  and  the  driest  is  February,  with "2.9  in  (7.5  cm).  Average  annual 
precipitation  is  46.0  in  (1.15  m),  but  rainfall  is  extremely  sporadic,  with  periods 
of  deluge  alternating  with  drought. 

Generally  speaking,  climate  is  homogeneous  from  the  coast  to  as  far  as  100  mi 
inland  (approximately  Conroe). 

SOILS 

There  are  basically  3  types  of  soil  found  in  the  Upper  Texas  Gulf  Coast.  Along 
the  coast  from  the  shore’s  edge  to  approximately  10  mi  inland  is  a  region  of  highly 
saline  soil.  The  sands  of  the  beaches  are  very  deficient  in  nutrients,  as  well  as  being 
very  salty  and  highly  alkaline.  Beyond  the  beaches  begins  the  clay -bottomed 
prairie  grasslands,  but  for  about  10  mi  inland  the  clay  is  much  too  salty  to  permit  the 
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natural  growth  of  plants  other  than  Spartina  (salt  grass).  It  has  only  been  recently, 
with  application  of  intensive  irrigation  to  “wash  out”  the  salts,  that  agriculture 
has  been  possible  in  this  area. 

From  10  mi  to  about  50-60  mi  inland  is  the  area  known  as  the  coastal  prairie. 
Except  for  certain  places  along  the  banks  of  the  streams  and  bayous  that  cross  the 
prairie,  the  soils  of  this  region  are  known  as  the  Beaumont  Formation  of  the  Lake 
Charles  variety.  These  soils  have  the  best  nutrient  content  of  any  along  the  coast, 
but  there  are  textural  problems  which  hamper  agricultural  activity.  The  Lake 
Charles  clays  are  vertisols,  being  composed  mainly  of  montmorillonite  clays.  These 
clays  have  a  high  coefficient  of  expansion  and  contraction,  depending  upon  their 
water  content.  This  results  in  argilliturbation,  or  soil  movement,  which  is  very 
damaging  to  plant  roots  (Duffield,  1970).  Savannah  grasses,  thus,  are  thedominant 
vegetation  of  this  area.  Countless  generations  of  these  grasses  have  grown  and  died, 
producing  a  thick  mat  of  sod  that  is  extremely  hard  to  break  through  without  the 
aid  of  metal  implements. 

The  argilliturbation  effect  is  exacerbated  by  the  severe  fluctuations  in  Gulf 
Coast  rainfall.  When  dry,  these  soils  are  incredibly  hard;  when  wet,  they  are  ex¬ 
tremely  heavy  and  sticky,  tilling  by  hand  is  virtually  impossible.  They  also  drain 
very  poorly.  Although  these  soils  are  at  present  very  productive,  it  was  necessary 
to  introduce  extensive  systems  of  drainage  ditches  into  the  area.  It  is  the  opinion 
of  C.  L.  Godfrey,  professor  in  the  Crop  and  Soil  Sciences  Department  at  Texas 
A  &  M  University,  that  efficient  agriculture  on  the  Lake  Charles  Clays  is  an  im¬ 
possibility  without  the  use  of  metal  tools  and  machinery  to  both  plow  the  fields 
and  dig  the  drainage  systems, in  spite  of  the  fact  that  these  soils  contain  all  the 
essential  nutrients  for  plant  growth. 

The  3rd  major  soil  area  is  at  the  extreme  northern  part  of  the  area  under  inves¬ 
tigation.  This  soil  area  actually  extends  much  further  north  and  west,  the  southern 
tip  of  it  overlaps  the  study  area.  It  consists  mainly  of  sandy  loam  soils,  with  some 
sandy  clays,  and  is  known  as  the  “sandy  fringe.”  An  interesting  fact  in  regard  to 
these  soils  is  that  they  are  also  found  further  south  in  the  coastal  prairie  as  allu¬ 
vial  deposits  along  the  banks  of  the  rivers  and  bayous  that  originate  in  the  sandy 
fringe  area  or  further  north  and  cross  the  prairie  on  their  way  to  the  Gulf.  Soil 
from  the  sandy  fringe  is  picked  up  and  carried  as  silt  by  the  rivers  where  it  is  de¬ 
posited,  especially  during  flood  seasons,  along  the  edges  of  bayous  on  top  of  the 
Lake  Charles  clays.  The  sandy  loam  soils  are  not  vertisols  and  have  a  moderate 
to  fine  texture,  as  well  as  a  lack  of  sod.  The  natural  vegetation  on  these  soils  in¬ 
cludes  ordinary  trees  and  bushes.  In  addition,  moisture  content  is  not  a  problem 
for  they  drain  quite  well.  The  major  hindrance  to  agriculture  on  these  soils  is 
that  they  are  deficient  in  nitrogen  and  potassium.  These  2  elements,  along  with 
phosphorous  and  sulfur,  comprise  the  4  soil  elements  most  needed  in  large  quan¬ 
tities  by  domesticated  plants.  These  nutrients,  especially  potassium,  are  leached 
out  of  the  soils  during  their  trip  downstream.  Modern  farmers  in  this  area  of  Texas 
state  that  in  order  to  farm  these  alluvial  sandy  soils,  proper  chemical  fertilizers 
or  barnyard  manure  (both  containing  potassium  and  nitrogen)  must  be  added  to 
the  soil. 
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MICROENVIRONMENTS 

The  above  soil  survey,  brief  as  it  is,  indicates  the  importance  of  the  bayou  in 
the  environmental  make-up  of  the  Gulf  Coast.  The  alluvial  deposits  of  sandy  soils 
overlying  the  Lake  Charles  clay  along  the  bayou  banks  have  created  a  condition 
whereby  2  quite  different  microenvironments  exist  side  by  side,  with  a  relatively 
narrow  transition  zone  between  them.  What  is  present  is  a  band  of  soft-textured 
soil  along  the  bayous  which  permits  the  growth  of  a  variety  of  vegetative  types, 
including  many  kinds  of  trees  and  bushes  that  are  well  adapted  to  low -nutrient 
soils.  Progressing  further  from  the  bayou,  however,  the  limit  of  the  sandy  alluvial 
deposit  is  reached  and  the  prairie  grassland  with  its  underlying  Lake  Charles  clay 
is  encountered,  the  textural  characteristics  of  which  prevent  the  growth  of  bushes 
or  trees.  The  differences  in  the  natural  vegetation  of  these  2  microenvironments  has 
also  resulted  in  differences  in  their  respective  animal  populations.  The  wooded  zone 
along  the  bayous  supports  an  abundance  of  deer,  fox,  birds,  squirrels,  rabbits,  turtles, 
frogs,  snakes,  rodents  and  other  small  animals.  The  vegetative  cover  of  the  prairie 
grasslands  supports  a  lower  animal  population  variety,  as  well  as  a  more  limited 
range  of  types.  On  the  prairie  may  be  found  ground  fowl,  fox,  rabbits,  snakes 
and,  at  one  time,  occasional  antelope  (Frank  Meben,  personal  communication). 

The  bayou  alluvial  zone  and  the  prairie  are  but  2  of  the  many  microenviron¬ 
ments  that  make  up  the  Gulf  Coast  region.  Others  include  the  bayou  itself,  the 
river-influenced  bay,  the  enclosed  bay,  the  open  bay,  the  enclosed  lagoon  area, 
the  inlet  and  deep  channel  and  the  surf  zone  (Parker,  1960). 

As  Flannery  and  Coe  (1964)  have  indicated,  the  food-getting  activities  of  any 
people  involve  dealing  in  a  certain  way  with  the  microenvironments  of  the  region 
in  which  they  live;  the  exact  way  that  they  exploit  these  microenvironments  con¬ 
stitutes  the  subsistence  pattern  of  their  culture.  Flannery  and  Coe  (1964)  suggest 
that  the  essential  differences  between  hunting  and  gathering  and  agriculture  is 
that  the  former  is  concerned  with  the  low -efficiency  exploitation  of  a  variety  of 
microenvironments,  hence  the  simple,  nomadic  life  of  the  hunter  and  gatherer, 
while  the  latter  involves  the  efficient  exploitation  of  a  limited  set  of  microenviron¬ 
ments,  often  only  1  or  2,  resulting  in  a  sedentary,  high-energy  system.  For  a  dif¬ 
ferent  view,  one  should  see  Lee’s  (1968;  1969)  comments  on  the  !Kung  Bushmen 
of  the  Kalahari. 

HUMAN  ADAPTATIONS 

While  Coe  and  Flannery’s  (1964)  model  is  a  bit  prejudiced  toward  hunters  and 
gatherers  in  terms  of  high  energy  flow,  their  microenvironmental  concept  seems 
fairly  adequate  to  describe  the  progression  of  human  settlement  on  the  Gulf  Coast. 
It  helps  to  explain  the  selection  process  whereby  Anglo  agriculture  replaced  Indian 
hunting  and  gathering  as  the  dominant  pattern  of  human  subsistence. 
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The  native  inhabitants  of  the  Upper  Gulf  Coast  were  a  group  of  tribes  known 
as  the  Atakapans,  all  speaking  the  Atakapan  dialect.  As  previously  stated,  they 
were  individually  known  as  the  Akokisa  and  Bidai.  They  possessed  no  metal  tools 
or  domesticated  animals  except  the  dog.  Despite  their  linguistic  affinities,  however, 
there  was  a  very  important  difference  between  the  Bidai  and  the  coastal  tribes. 
The  Bidai  were  agriculturalists,  cultivating  maize  by  means  of  bone  and  wooden 
digging  sticks  and  living  in  large,  settled  communities.  The  Akokisa  maintained  a 
hunting  and  gathering  existence  and  thus  are  often  grouped  with  other  such  tribes 
found  further  south  along  the  coast,  such  as  the  Karankawa.  Not  only  were  the 
coastal  tribes  linguistically  related  to  the  Bidai,  but  also  asBelisle,  a  Frenchman 
who  lived  with  them  for  a  period,  has  written,  they  even  visited  together  on  occa¬ 
sion,  being  separated  by  only  a  4-day  march  (Mayhall,  1939). 

From  historical  accounts  such  as  that  by  Belisle,  there  exists  a  reasonably  accu¬ 
rate  picture  of  the  subsistence  activities  of  the  coastal  Atakapans  and  Karankawas. 
Alvar  Nunez  (Cabeza  de  Vaca)  was  a  Spaniard  who  shipwrecked  and  lived  among 
the  Han  and  Capoque  for  a  few  years.  Later,  he  wrote  that  they  lived  on  the  coast 
during  the  fall  and  winter,  subsisting  on  the  young  roots  of  an  underwater  plant 
known  as  the  water  Chinquapin,  found  in  the  areas  between  the  mainland  and  the 
offshore  island.  By  midwinter,  the  roots  had  grown  to  where  they  were  indigestible. 
The  Indians  then  lived  until  spring  “exclusively  upon  oysters”  which  were  found 
on  reefs  along  the  mainland.  With  the  coming  of  spring,  berries  and  nuts  could 
be  gathered  along  the  bayou  banks.  The  summers  were  spent  hunting  deer  and 
the  other  game  found  along  the  bayous,  as  well  as  that  found  on  the  open  prairies 
(Newcomb,  1961).  Fish  were  also  caught  during  all  seasons,  but  this  does  not  seem 
to  have  constituted  a  large  part  of  their  diet. Rangia  cuneata  (riverine  clam)  could 
also  be  gathered  from  the  waters  of  the  bayous  where  the  salinity  was  within  their 
tolerance,  usually  no  more  than  1%  salinity  (Parker,  1960). 

In  sum,  the  coastal  Atakapans  and  Karankawa  exploited  the  following  series 
of  microenvironments: 

1 .  Bayou  -  fish,  turtles  and  clams 

2.  Bayou  alluvial  zone  -  deer,  rabbits,  fox,  squirrels,  birds,  bird 

eggs,  turtles,  frogs,  snakes,  rodents, 

berries  and  nuts 

3.  Prairie  grasslands  -  prairie  chickens,  fox,  rabbits,  snakes, 

rodents 

4.  Marshland  -  tuna  (fruit  of  the  nopal) 

5 .  River-influenced  bay  -  fish,  few  oysters,  clams 

6.  Oyster  reef  -  oysters  ( Crassostrea  virginica ),  where 

salinity  was  between  0.3%  and  4.1% 


7.  Open  bay  - 


fish,  root  of  the  water  Chinquapin 
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The  subsistence  pattern  of  the  coastal  Atakapans  and  Karankawa,  then,  involved 
the  seasonal  exploitation  of  these  seven  microenvironments  (termed  by  Coe  and 
Flannery  as  low-energy  exploitation).  The  importance  of  the  bayou  in  their  food¬ 
getting  activities  cannot  be  overemphasized.  Not  only  is  the  bayou  itself  impor¬ 
tant  as  an  exploitable  microenvironment,  but  it  also  is  directly  responsible  for 
the  creation  of  3  of  the  other  microenvironments,  namely,  the  bayou  alluvial  zone 
(by  a  process  already  described),  the  river-influenced  bay  and  the  oyster  reef;  the 
latter  2  of  which  are  dependent  upon  a  supply  of  fresh  water  from  the  bayou  to 
maintain  salinity  at  the  tolerance  levels  for  oysters  and  clams.  Only  the  prairie 
grassland  and  open  bay  are  not  dependent  upon  the  bayou  for  their  life -supporting 
qualities.  The  bulk  of  the  Indian  diet,  and  therefore,  their  existence,  was  directly 
linked  to  the  bayou. 

Why  did  the  coastal  Atakapans  never  develop  agriculture?  Clearly  it  was  not 
because  they  were  ignorant  of  the  practice.  As  has  been  mentioned,  they  actually 
visited  with  the  agricultural  Bidai,  their  relatives  to  the  north.  It  would  have  been 
a  simple  matter  to  copy  the  tools  and  techniques  of  the  Bidai  and  apply  them  to 
the  coast,  unless,  of  course,  these  tools  and  techniques  were  not  applicable  to  the 
coastal  environment.  This  seems  to  be  the  crucial  point  (bypassing  but  acknow¬ 
ledging  the  point  that  they  might  not  have  wanted  to  become  agriculturalists). 
Most  environmental  variables  (rainfall,  temperature,  evaporation  rate,  etc.)  are 
similar  for  the  2  regions.  However,  a  brief  look  at  the  soils  shows  that  the  Bidai 
were  inhabiting  an  area  just  inside  the  sandy  fringe  soil  region,  an  area  which 
extends  on  up  to  where  the  Caddo  were  living  in  a  “high-energy,”  settled  agricul¬ 
tural  system,  and  vegetated  by  what  is  now  known  as  the  Piney  Woods.  The  tool 
used  by  the  Bidai  to  turn  over  their  soil  for  planting  was  a  combination  bone-and- 
wood  digging  stick  (Newcomb,  1961).  Although  the  Coastal  Atakapans  could  easily 
have  utilized  such  a  tool,  they  were  faced  with  a  completely  different  soil  situa¬ 
tion  than  the  Bidai.  To  allow  crop  planting  and  to  prevent  argilliturbation  of  the 
Lake  Charles  clay ,  an  enormous  amount  of  clay  must  be  turned  over  and  the 
clumps  broken  up.  The  Bidai  digging  stick  simply  could  not  accomplish  this  task. 
Although  the  digging  stick  could  have  been  used  on  the  bayou  alluvial  soil,  there 
was  no  way,  lacking  both  chemical  fertilizers  and  barnyard  manure ,  that  the  coastal 
tribes  could  have  supplied  the  nitrogen  and  potassium  necessary  for  growing  corn, 
a  crop  that  requires  great  amounts  of  both  chemicals. 

The  hunting  and  gathering  pattern  of  the  coastal  tribes  can  be  seen  to  be  quite 
adaptive  to  the  Gulf  Coast  environment.  The  effectiveness  of  their  subsistence 
pattern  in  providing  bodily  sustenance  is  evidenced  by  a  series  of  skeletons  found 
in  the  fall  of  1971  during  a  Rice  University  excavation  of  a  shell  midden  on  Choco¬ 
late  Bayou,  southwest  of  Houston.  All  of  the  skeletons  were  quite  large  by  modern 
standards,  indicating  high  protein  intake  and  the  apparent  effectiveness  of  their 
subsistence  base  (Hole  and  Wilkinson,  1973).Cabeza  de  Vaca  likewise  remarked 
upon  the  excellent  physical  condition  of  the  coastal  Indians  he  encountered 
(Newcomb,  1961). 
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But  what  of  the  whites?  How  did  the  early  Anglo-American  settlers  in  the  region 
adapt  to  the  enviornment,  particularly  the  soil  situation,  in  order  to  successfully 
practice  agriculture?  The  story  of  how  the  early  whites  introduced  an  agricultural 
subsistence  base  to  the  Gulf  Coast  is  concerned  with  how  they  learned  to  adapt 
to  the  specifics  of  the  coastal  environment  by  effectively  utilizing  2  of  the  7  micro¬ 
environments  exploited  for  subsistence  by  the  Indians.  The  clue  to  how  this  was 
done  is  given  in  the  1928  publication  of  the  Department  of  Agriculture,  So//  Sur¬ 
vey  of  Harris  County  (Geib,  1928)  which  states: 

The  first  settlements  in  Harris  County  were  made  along 
Buffalo  Bayou,  in  the  eastern  part  of  the  county  where 
water  and  timber  were  plentiful,  and  the  nearly-open 
prairies  afforded  excellent  range  for  cattle.  The  first  set¬ 
tlers  grew  small  patches  of  corn,  potatoes  and  other  veg¬ 
etables  and  raised  cattle  on  the  open  range. 

The  first  white  settlers  were  apparently  planting  the  alluvial  zone,  which,  of 
course,  could  be  done  with  the  crudest  of  hard  tools.  What  did  the  Anglo  system 
have  which  allowed  them  to  practice  agriculture  on  the  alluvial  soil?  Probably  it 
was  the  use  of  cattle.  Besides  being  a  source  of  protein,  cattle  could  be  turned  out 
onto  the  prairie  where  they  could  eat  the  nutrient-rich  Spartina  and  other  grasses 
growing  on  the  Lake  Charles  clay.  The  manure  could  then  have  been  gathered 
and  spread  over  the  alluvial  soil,  bringing  the  necessary  nitrogen  and  potassium. 
Since  the  manure  of  well-fed  cattle  consists  of  approximately  2%  nitrogen  and 
2-3%  potassium  (Millar,  1955),  this  would  have  been  an  effective  way  of  fertili¬ 
zing  the  alluvial  zone  soil. 

Thus  by  using  the  cow  to  link  together  the  bayou  alluvial  zone  and  the  prairie 
into  a  single  system,  the  early  white  settlers  instituted  an  agricultural  subsistence 
pattern  as  well  as  a  sedentary  settlement  pattern,  both  of  which  had  beenhither-to 
nonexistent  on  the  Gulf  Coast. 

As  one  views  the  progression  of  human  settlement  along  the  Gulf  Coast,  the 
extreme  importance  of  the  bayou  becomes  apparent.  Most  of  the  diet  of  the 
aboriginal  inhabitants  of  the  area  was  available  due  to  the  actions  of  the  bayous: 
they  poured  fresh  water  into  the  coastal  bays,  creating  areas  of  reduced  salinity 
necessary  for  the  clams  and  oysters  which  sustained  the  Indians  through  the  winter. 
They  also  deposited  sandy  soil  on  top  of  the  prairie  clay,  creating  a  microenviron¬ 
mental  zone  with  a  variety  of  plant  and  animal  life  that  formed  a  substantial  part 
of  the  Atakapan  diet  during  the  spring  and  summer.  This  alluvial  zone  created 
by  the  bayous  was  of  even  greater  importance  to  the  Anglo  agriculturalists,  who 
displaced  the  Atakapans  from  the  Gulf  Coast,  in  that  it  provided  the  whites  with 
virtually  their  entire  diet.  The  Anglos,  however,  learned  to  exploit  the  zone  very 
efficiently  by  using  the  cow  as  a  gathering  and  processing  mechanism  for  the  nitro¬ 
gen  and  potassium  contained  in  the  grasses  of  the  adjacent  prairie.  Within  a  few 
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years  of  its  introduction,  the  agricultural  system  of  the  whites  had  completely 
replaced  the  Atakapan  hunting  and  gathering-pattern,  clearly  attesting  that  cultural 
dominance  is  indeed  dependent  upon  technical  predominance. 

All  that  is  left  today  of  the  Atakapans  who  roamed  the  Gulf  Coast  is  a  series 
of  middens,  great  piles  of  discarded  shells  and  bones  found  near  oyster  reefs  on 
the  coast  and  along  the  banks  of  inland  bayous.  Simple  and  unelegant  in  appear¬ 
ance,  often  not  even  distinguishable  except  to  the  practiced  eye,  the  middens  stand 
in  mute  testimony  to  a  way  of  life  that  once  flourished  on  the  Gulf  Coast  but  is 
now  gone  and  mostly  forgotten. 
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ABSTRACT 


A  study  was  undertaken  to  obtain  baseline  data  for  further  research  of  the  water  quality 
of  Dickinson  Bayou.  Samples  were  collected  at  3  sites  over  a  2-month  period  and  analyzed 
for  nitrite,  nitrate,  orthophosphate,  pH,  temperature,  chemical  oxygen  demand,  biochemical 
oxygen  demand,  dissolved  oxygen,  coliform  MPN,  fecal  coliform  MPN,  and  presence  of  Sal¬ 
monella  and  Shigella.  Results  indicate  pollution  by  domestic  sewage,  land  runoff,  and  indus¬ 
trial  wastes.  Data  gathered  indicate  the  need  of  further  study  including  measurement  of  addi¬ 
tional  parameters  (such  as  total  Kjeldahl  nitrogen)  before  an  evaluation  of  water  quality  is 
possible. 

INTRODUCTION 

Dickinson  Bayou  has  its  source  in  Brazoria  County  north  of  Alvin  and  flows 
20-25  miles  to  empty  into  Dickinson  Bay,  Texas.  The  bayou  is  about  8-10  feet 
deep  in  Dickinson  and  varies  in  width  from  about  25  yards  at  Highway  646  to 
about  60  yards  at  Highway  3.  A  tidal  effect  extends  to  the  IH45  area  of  the  bayou, 
although  a  heavy  rainfall  will  cause  the  bayou  to  flow  upstream  quite  a  ways  past 
this  area.  The  bayou  flows  very  slowly  and  sometimes  appears  to  be  almost  still. 
The  color  of  a  water  sample  in  a  bottle  ranges  from  slightly  yellow  to  green  when 
the  algae  content  is  high.  The  bayou  itself  is  a  muddy  greenish  brown  in  appear¬ 
ance.  The  temperature  of  the  water  in  the  summer  ranges  between  26  C  and  29  C, 
with  an  average  of  about  28  C  or  82  F.  The  bayou  receives  part  of  its  pollution 
load  from  natural  runoff  of  the  numerous  grazing  pastures  and  fields  in  its  water¬ 
shed.  Approximately  60  septic  tanks  contaminate  the  bayou  or  its  tributaries.  Five 
public  sewage  treatment  plants,  of  which  3  are  privately  owned,  and  1  industry, 
Marathon  Morco,  discharge  their  effluents  into  the  bayou. 

A  study  was  undertaken  during  the  summer  of  1972  to  obtain  baseline  data 
for  further  research  on  the  water  quality  of  Dickinson  Bayou.  Three  sampling 
sites  were  chosen  and  samples  were  taken  and  analyzed  over  a  period  extending 
from  June  6  to  August  7 .  Parameters  studied  were:  nitrite  (N02  "),  nitrate  (N03 "), 
orthophosphate  (P04“3),  pH,  temperature,  chemical  oxygen  demand  (COD),  bio¬ 
chemical  oxygen  demand  (BOD),  dissolved  oxygen  (DO),  coliform  MPN,  fecal 
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Figure  1.  Dickinson  Bayou,  Texas.  Showing  sampling  sites. 
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coliform  MPN,  and  presence  of  Salmonella  or  Shigella. 

EXPERIMENTAL  METHODS 
Sampling  Techniques 

The  bayou  was  sampled  at  3  sites  (Figure  1).  Site  1  was  at  the  Highway  3  bridge, 
downstream  from  most  of  Dickinson.  Site  2  was  located  at  the  Hughes  Road  bridge 
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near  IH  45 .  This  bridge  is  immediately  downstream  from  an  area  with  septic  tanks 
and  no  sewer  lines.  The  3rd  sampling  station  was  upstream  from  Dickinson  at 
the  Highway  646  bridge.  All  samples  were  taken  at  midstream  between  8  a.m.  and 
10  a.m.  using  Kemmerer  type  sampler.  DO  sampling  was  done  such  as  to  avoid 
entrainment  of  air  into  the  sample.  Samples  for  bacterial  analysis  were  taken  in 
2 00 -ml  sterile  screw  cap  bottles  and  refrigerated  until  they  were  taken  to  the 
Galveston  County  Health  Department  in  La  Marque  for  coliform  MPN  determina¬ 
tion.  COD  samples  were  taken  in  300-ml  bottles  and  preserved  by  acidifying  with 
H2S04. 


Analytical  Procedures 

Chemical  Testing: 

(1)  Nitrite  and  nitrate:  Determinations  were  made  using  a  Hach Portable  Field 
Test  Kit  (Model  NI-3,  Hach  Chemical  Company,  Ames,  Iowa).  Endpoints  were 
determined  colorimetrically. 

(2)  Orthophosphate:  A  Taylor  Low  Phosphate  Colorimeter  (W.  A.  Taylor  and 
Company,  Baltimore,  Maryland)  was  used  for  determinations.  Standards  were 
measured  with  each  set  of  samples. 

(3)  pH:  pH  was  determined  with  a  Beckman  pH  meter  (Beckman  Instruments, 
Fullerton,  California)  and  glass  electrode. 

(4)  Chemical  oxygen  demand:  Determinations  were  done  according  to  Stand¬ 
ard  Methods  for  the  Examination  of  Water  and  Wastewater,  1 3th  Edition  (APH A, 
1971).  (Standard  Methods.) 

(5)  Biochemical  oxygen  demand:  Determinations  were  done  according  to 
Standard  Methods  using  the  azide  modification  of  the  Winkler  method  for  0-day 
and  5-day  measurements  of  dissolved  oxygen. 

(6)  Dissolved  oxygen:  Tests  were  done  according  to  Standard  Methods  using 
the  azide  modification  of  the  Winkler  method. 

Bacteriological  Testing: 

All  media  for  bacteriological  testing  were  from  Difco  Laboratories,  Detroit, 
Michigan. 

(1)  Coliform  MPN:  Counts  were  done  according  to  Standard  Methods.  Lauryl 
tryptose  was  used  as  a  presumptive  broth  with  brilliant  green  lactose  bile  broth  as 
a  confirmatory  medium. 

(2)  Fecal  coliform  MPN:  Counts  were  done  according  to  Standard  Methods. 
Lauryl  tryptose  was  used  as  a  presumptive  broth,  with  EC  broth  as  a  confirmatory 
medium. 

(3)  Salmonella  and  Shigella :  Two  techniques  were  used.  The  1st  was  the  swab 
technique  described  in  Standard  Methods.  After  the  exposure  period,  the  swab 
was  packed  in  ice  and  analyzed  within  1  hour.  Selective  enrichment  was  done  in 
125-ml  flasks  of  Selenite-F  or  Tetrathionate  broth.  Streaks  were  made  to  SS  and 
EMB  agar  plates.  Typical  colonies  were  isolated  and  tubes  of  glucose,  lactose, 
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mannitol,,  and  xylose,  and  Kligler’s  iron  agar  slants  were  innoculated.  Typical 
reactions  indicated  or  contraindicated  the  presence  of  Salmonella.  The  2nd  tech¬ 
nique  involved  filtration  of  900  ml  samples  through  Millipore  filters,  which  were 
subsequently  pressed  onto  EMB  or  SS  agar  plates  with  sterile  forceps.  Filters  were 
removed  after  20  min  and  the  plates  incubated  at  37  C  for  24  hrs;  heavy  growth 
was  restreaked  to  EMB  and  SS  plates  for  isolation.  Typical  colonies  were  subjected 
to  biochemical  tests  as  in  the  first  technique. 

RESULTS  AND  DISCUSSION 

Tables  1  and  2  show  that  N03~  values  are  low,  but  nitrate  concentrations  are 
quite  sufficient  to  support  algal  growth  since  in  many  samples  with  very  low  N03~ 
readings,  the  presence  of  a  large  amount  of  algae  was  in  evidence.  As  can  be  seen 
in  the  tables,  N03"  average  values  are  about  the  same  for  all  3  sites.  N02~  values 
are  rather  high,  as  shown  in  Table  1 ,  and  it  is  suspected  that  N03"  may  have  inter¬ 
fered  in  the  tests  to  give  high  N02“  readings.  The  relationship  between  nitrite -nitrate 
and  organic-ammonia  nitrogen  is  not  known  since  no  measurements  of  total 
Kjeldahl  nitrogen  were  made. This  information  would  be  helpful  in  evaluating  the 
fate  of  municipal  waste -borne  nitrogen.  An  excess  of  ammonia  would  be  expected 
in  the  presence  of  insufficiently  treated  sewage  (Goering,  1972). 

Tables  1  and  2  show  that  P04-3  values  are  not  abnormally  high.  Like  N03“  values, 
however,  they  are  high  enough  to  support  algae  growth.  Site  1  seems  to  have  a 
higher  ortho-P04  content  than  Sites  2  or  3.  However,  this  is  based  on  only  5 
samples.  Variability  could  be  explained  by  different  proportions  of  ortho-  and 
poly -phosphate.  A  measurement  of  total  inorganic  phosphate  would  eliminate 
this  question.  High  pH  is  often  correlated  with  low  phosphate  values,  but  this 
does  not  seem  to  occur  here. 

The  pH  at  the  3  sampling  sites  (Tables  1  and  2)  is  well  within  {he  normal  limits 
for  a  body  of  water.  Slightly  higher  pH  values  at  Sites  1  and  2  are  probably  due 
to  more  algae  at  these  sites  than  at  Site  3. 

COD  values  (Table  3)  are  high  compared  to  the  BOD  values  (Table  4).  The 
COD  average  at  Site  1  is  almost  twice  as  high  as  Site  3,  with  the  average  as  an  in¬ 
termediate  Site  2.  Investigation  of  the  various  effluents  into  Dickinson  Bayou  is 
needed  to  yield  significance  to  these  data,  although  it  does  suggest  the  presence 
of  non-biodegradable  industrial  organic  effluents. 

BODs  were  done  twice  at  each  sampling  site.  Ten  and  25%  dilutions  were  used 
initially.  Samples  from  Sites  1  and  3  decreased  in  dissolved  oxygen  to  less  than 
2  mg/1  and  were  therefore  invalid  for  BOD  tests.  Ten-percent  dilutions  and  undiluted 
samples  were  then  used  for  the  BOD  test  (Table  4).  Sites  2  and  3  show  BODs 
equivalent  to  treated  sewage  effluent.  The  July  26  Site  2  BOD  of  50  mg/1  is  very 
high.  More  values  are  obviously  necessary  for  a  complete  evaluation,  but  these 
initial  results  indicate  the  presence  of  substantial  quantities  of  biologically  oxidi- 
zable  material. 


Arithmetic  averages  and  ranges  of  all  factors  by  site. 
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TABLE  2 

Arithmetic  averages  for  all  sites  by  days. 


Coliform 

MPN/100  ml 

Fecal  Coliform 
MPN/100  ml 

Dissolved 
Oxygen  (mg/1) 

pH 

no3 

(mg/1) 

po4  3 

(ortho)  (mg/1) 

June  20 

2,370 

-- 

3.4 

-- 

0.286 

__ 

June  22 

— 

2.38 

7.8 

0.0950 

— 

June  26 

14,570 

1,510 

3.45 

8.03 

0.234 

-- 

June  30 

--  . 

-- 

3.36 

7.85 

G.278 

-- 

July  3 

3,430 

440 

4.1 

7.83 

0.220 

— 

July  6 

— 

__ 

3.49 

7.67 

0.256 

__ 

July  11 

4,130 

1,100 

3.33 

7.8 

0.271 

-- 

July  17 

2,500 

1,500 

4.25 

7.97 

0.521 

0.17 

July  20 

— 

-- 

3.83 

7.90 

-- 

1.0 

July  24 

9,570 

3,770 

3.18 

— 

0.22 

0.67 

July  26 

— 

-- 

3.56 

-- 

-- 

-- 

July  31 

7,300 

-- 

1.33 

7.75 

0.212 

1.0 

August  2 

— 

— 

7.5 

-- 

-- 

— 

August  7 

5,490 

1,690 

-- 

-- 

— 

0.75 

TABLE  3 

Chemical  Oxygen  Demand  (COD). 

(mg/1) 

TABLE  4 

Biochemical  Oxygen  Demand  (BOD). 
(mg/1) 

Site  1 

Site  2 

Site  3 

Site  1 

Site  2 

Site  3 

July  12 

144.4 

204.2 

109.6 

July  26 

>70 

50. 

>70 

July  18 

210.4 

168.3 

63.1 

August  3 

4.25 

17.5 

20.0 

July  26 

212.8 

164.9 

85.1 

August  2 

353.6 

280.8 

150.8 

Arithmetic 

Average 

230.3 

204.6 

102.2 

DO  readings  varied  greatly  from  day  to  day  and  site  to  site  (Table  5).  Of  the  3 
water  sample  bottles  at  any  time  Site  2  usually  had  the  greenest  water  although 
occasionally  Sites  1  or  3  also  contained  algae.  Higher  DO  values  at  Site  2  are  at¬ 
tributable  to  a  higher  algal  population.  Occasionally,  algal  growth  will  supersat¬ 
urate  the  water  with  DO.  This  condition  was  noted  at  Site  2  on  August  2  (Table  5) 
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and  at  Site  1  on  August  9  (Table  7).  Low  DO  readings  at  Site  3  are  probably  due 
to  a  combination  of  a  low  algal  population  and  the  stillness  of  the  bayou  at  this 
point.  The  water  seems  to  flow  more  swiftly  at  Stries  1  and  2  (probably  due  to 
tidal  action)  than  at  Site  3  so  that  the  water  at  Site  3  is  not  as  well  aerated  and 
mixed . 


TABLE  5 

Dissolved  Oxygen  (DO)  mg/1 . 
Surface  morning  samples  8:00-10:00  a.m. 


Site  1 

Site  2 

Site  3 

June  20 

4.3 

3.98 

2.0 

June  22 

2.36 

3.02 

1.76 

June  26 

3.36 

4.15 

2.86 

June  30 

1.98 

5.79 

2.33 

July  3 

4.95 

3.96 

3.42 

July  6 

2.82 

4.5 

3.17 

July  11 

3.25 

4.1 

2.65 

July  17 

4.35 

5.55 

2.85 

July  20 

3.35 

6.05 

2.1 

July  24 

2.5 

3.6 

3.45 

July  26 

3.45 

4.3 

2.95 

*July  31 
surface 

1.95 

0.5 

1.6 

July  31 

3  ft  under 

1.9 

0.25 

0.22 

August  1 

__ 

3.75 

-- 

August  2 

6.3 

9.4 

6.8 

Arithmetic  average 

of  surface  samples 

3.76 

4.48 

2.92 

*Fish  kill  of  “Shiners”  at  Site  2. 


On  July  31  at  Site  2,  there  was  a  fish  kill  of  a  species  of  fish  commonly  called 
“shiners.”  There  had  been  heavy  rainfall  for  the  previous  3  days,  the  DO  reading 
was  0.5  mg/1  at  the  surface  of  Site  2,  pointing  toward  lack  of  oxygen  as  the  cause 
of  the  fish  kill. 

Increased  land  drainage  and  incompletely  treated  sewage  effluents  (caused  by 
heavy  rainfall)  may  have  exerted  an  immediate  dissolved  oxygen  demand  on  the 
bayou  water  and  caused  the  DO  levels  to  drop  below  the  critical  level  for  survival 
of  these  fish. 
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Table  6  shows  DO  levels  at  different  depths.  Site  1  appears  to  be  better  mixed 
and  aerated  than  Sites  2  or  3  because  of  the  higher  DO  reading  at  6-8  ft  below  the 
surface.  This  might  be  due,  in  part,  to  the  barges  that  churn  up  the  water  a  short 
distance  downstream  from  Site  1  (Highway  3).  Site  3  shows  a  lack  of  aeration  or 
mixing  since  at  34  ft  below  the  water  surface  DO  readings  are  at  zero.  The  water 
at  this  depth  and  below  is  extremely  foul-smelling. 

Algal  production  of  oxygen  in  Dickinson  Bayou  shown  up  in  Table  7.  At  sun¬ 
set,  DO  readings  are  usually  high  due  to  algal  oxygenation  of  the  water.  However, 
the  use  of  oxygen  by  algae,  as  well  as  other  marine  forms,  reduces  values  by  2/3 
between  sunset  and  sunrise. 

TABLE  6  TABLE  7 


Dissolved  oxygen  mg/1  in  different  water  depths.  Nighttime  dissolved  oxygen  depletion  in  mg/L 


Site  1 
July  18 

Site  2 
July  14 

Site  3 
August  9 

Site  1 

Site  2 

Site  3 

Water  surface 

3.6 

6.35 

2.25 

5:30-6:30  p.m. 

34  ft 

August  9 

11.05 

6.6 

2.25 

below  surface 

3.1 

4.05 

0.0 

6:00-6:45  a.m. 

5-6  ft 

August  10 

3.2 

2.0 

0.4 

below  surface 

1.9 

0.3 

0.0 

Table  8  shows  that  the  colformMPN/lOOml  at  the  3  sites  averages  from  3500- 
7000/100  ml,  indicative  of  pollution  with  untreated  sewage.  Swimming  in  a  river 
“having  a  median  coliform  density  of  2,700/100  ml  appears  to  have  caused  a  sig¬ 
nificant  increase  in  such  (gastro-intestinal)  illness”  (Stevenson,  1952).  By  this 
standard,  Dickinson  Bayou,  at  the  3  sampling  sites,  is  bacterially  polluted.  Bac¬ 
terial  Standards  for  bathing  water  and  swimming  vary  throughout  the  country.  It 
is  now  recognized  that  most  infections  which  arise  from  swimming  in  contamin¬ 
ated  waters  are  naso-pharyngeal  in  nature  and,  hence,  the  coliform  MPN  tests  are 
of  a  lesser  value.  There  is  no  real  epidemiologic  basis  for  setting  the  standards 
(Wolf,  1972).  Perhaps  measurements  of  enterococci  MPN/ 100  ml  would  be  of 
greater  value. 

Data  for  fecal  coliforms  are  presented  in  Table  9.  In  1968  the  National  Tech¬ 
nical  Advisory  Committee  on  Water  Quality  Criteria  recommended  fecal  coliform 
criteria  for  recreation  waters  (Table  10).  They  defined  2°  contact  recreation  as 
that  involving  no  significant  risk  of  water  ingestion,  such  as  boating  and  fishing. 
1°  contact  involves  significant  body  contact,  such  as  swimming  and  skiing. 

None  of  the  3  sampling  spots  meet  water  quality  standards  for  1°  contact 
recreation,  since  fecal  coliform  counts  exceed  a  log  mean  of  200/100  ml.  The 
bayou  at  Sites  1  and  3  does  meet  standards  for  general  recreation  according  to 
the  fecal  coliform  parameter.  Site  2,  though,  has  a  fecal  coliform  average  which 
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exceeds  2000/100  ml,  and,  therefore,  does  not  qualify  for  even  general  recreation 
usage.  More  samples  are  needed  to  make  an  accurate  judgment. 


TABLE  8 

Coliform  MPN/100  ml  sample. 


Site  1 

Site  2 

Site  3 

June  14 

5,400 

2,200 

June  20 

3,500 

2,200 

1,400 

June  26 

3,300 

35,000 

5,400 

July  3 

3,500 

3,300 

3,500 

July  11 

3,500 

5,400 

3,500 

July  17 

490 

3,500 

3,500 

July  24 

16,000 

3,500 

9,200 

July  31 

16,000 

3,500 

2,400 

August  7 

1,100 

5,400 

2,400 

Arithmetic 

Average 

5,870 

7,110 

3,480 

Geometric  (LOG) 
Average 

3,620 

4,450 

3,380 

TABLE  9 

Fecal  coliform  MPN/100  ml  sample. 

Site  1 

Site  2 

Site  3 

June  26 

40 

4,2“60 

220 

July  3 

1,100 

200 

20 

July  11 

1,100 

1,700 

490 

July  17 

490 

3,500 

490 

July  24 

5,400 

2,400 

3,500 

August  7 

460 

2,200 

2,400 

Arithmetic 

Average 

1,430 

2,380 

1,190 

Geometric  (LOG) 
Average 

624 

1,730 

455 

No  pathogens  were  isolated.  However,  since  waters  having  a  coliform  MPN 
greater  than  1000  show  occurrence  of  Salmonella  at  a  rate  of  93.8%  (Geldreich, 
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1972),  the  presence  of  pathogens  is  obviously  not  ruled  out.  High  coliform  den¬ 
sity  causes  great  difficulty  in  attempts  to  isolate  Salmonella  and  Shigella. 


TABLE  10 

Fecal  coliform  criteria  for  recreation  waters.* 


Water  Usage 

Recommended  Fecal  Coliform/ 100  ml 

General  Recreation 

Average  not  to  exceed  2000  with  a  max¬ 
imum  of  4000. 

Designated  for  Recreation 

Not  to  exceed  log  mean  of  1000  nor  equal 
or  exceed  2000  in  more  than  10%  of  the 
samples. 

Primary  Contact  Recreation 

Not  to  exceed  log  mean  of  200  based  on 
minimum  of  5  samples  taken  over  not 
more  than  a  30-day  period.  Nor  should 
10%  of  total  samples  in  30-day  period 
exceed  400. 

*  National  Technical  Advisory  Committee,  Water  Quality  Criteria,  Federal  Water  Pollution 
Control  Administration,  Washington,  D.C.,  1968. 


SUMMARY 

Levels  of  the  selected  parameters  indicate  pollution  to  a  certain  extent  at  all 
sampling  sites.  High  concentrations  of  nutrients  (as  shown  by  measurements  of 
BOD,  N03",  N02~,  and  P04-3  )  and  sewage -associated  bacteria  indicate  that  the 
source  is  a  combination  of  domestic  sewage  and  land  run-off.  The  elevated  COD 
values  point  to  the  presence  of  non-biodegradeable  wastes  (perhaps  industrial). 
The  potential  for  eutrophication  is  certainly  present. 

Bodies  of  water  such  as  this  often  show  an  accumulation  of  nutrients  due  to 
the  type  of  circulation.  The  surface  outflow  in  an  estuary  (at  ebb  tide)  carries 
algae  toward  its  mouth.  The  algae  settle  out  and  are  mineralized;  subsequently, 
the  countercurrent  of  subsurface  water  carries  these  mineralization  products  back 
into  the  estuary  (Stumm  and  Stumm-Zollinger,  1972).  Since  Dickinson  Bayou  is 
not  a  true  estuary,  this  cannot  be  stated  as  the  sole  cause  for  nutrient  accumulation, 
but  it  is  certainly  a  contributing  factor. 

In  November,  1972,  construction  of  sewer  lines  was  begun  in  parts  of  Dickinson 
which  were  served  by  septic  tanks  at  the  time  of  this  study.  An  interesting  follow-up 
would  be  a  re-examination  of  water  quality  at  a  period  after  completion  of  the 
sewers. 

The  data  collected  here  should  provide  a  good  basis  for  further  water  quality 
studies  of  Dickinson  Bayou.  Although  conclusions  to  be  drawn  are  few,  the  work 
has  been  valuable  in  elucidation  of  techniques  and  evaluation  of  tests  which  should 
be  included  in  further  studies. 
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ABSTRACT 

A  general  discussion  is  presented  on  the  potential  role  of  the  activities  of  man  in  the 
excessive  fertilization  of  surface  waters.  A  review  is  presented  on  the  nutrient  sources  and 
content  (N  and  P)  information  available  for  selected  impoundments  in  Texas.  In  general,  it 
has  been  found  that  few  comprehensive  studies  have  been  conducted  in  the  State  of  Texas 
which  would  enable  the  development  of  technically  sound  eutrophication  management 
programs  for  the  State’s  surface  waters.  There  is  an  urgent  need  for  comprehensive  studies 
designed  to  determine  the  amounts  of  potentially  available  nitrogen  and  phosphorus  that 
enter  Texas  surface  waters  which  tend  to  cause  excessive  aquatic  plant  growths.  Also,  infor¬ 
mation  is  needed  on  excessive  aquatic  plant  growth  in  the  State’s  waters. 

INTRODUCTION 

Eutrophication,  the  excessive  fertilization  of  natural  waters,  has  become 
one  of  the  most  significant  water  quality  problems  in  the  world.  This  process 
can  occur  through  natural  processes  of  weathering  and  nutrient  input  into  a 
lake,  or  through  the  activities  of  man,  a  process  referred  to  as  cultural  eutro¬ 
phication.  The  major  difference  between  natural  and  cultural  eutrophication 
is  probably  the  rate  at  which  the  processes  occur  (Lee,  1973). 

Lakes  proceed  toward  geological  extinction  at  varying  rates  of  eutrophi¬ 
cation  under  natural  processes  resulting  ultimately  in  bog  formation  and  lake 
extinction  (Hasler,  1969).  Human  activities  resulting  from  population  growth, 
including  intensified  agriculture  and  industry,  property  development  and  tech¬ 
nological  advances  such  as  phosphate  detergents,  have  vastly  accelerated  eutro¬ 
phication  processes  in  some  parts  of  the  world. 

The  most  objectionable  effects  of  eutrophication  in  lakes  and  impound- 
mets  are  associated  with  a  decline  in  water  quality.  Excessive  algal  and  macro¬ 
phyte  growth  destroys  the  aesthetic  value  of  the  water  and  hampers  recreational 
activities.  Death  and  decay  of  these  plants  often  cause  taste  and  odor  problems 
and  place  a  high  demand  on  the  dissolved  oxygen  content  of  the  lake  water 
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such  that  hypolimnetic  water  often  becomes  anoxic.  This  oxygen  depletion 
results  in  the  elimination  of  cold  water  fisheries  and  the  development  of  less 
desirable,  hardier  species  with  a  tendency  toward  rough  fish  dominance. 

MAN’S  ROLE  IN  EUTROPHICATION 

According  to  Lee  (1973),  if  physical  conditions  are  favorable,  a  sufficiently 
high  flux  of  nutrients,  specifically  nitrogen  and  phosphorus  in  forms  available 
to  the  biological  community,  can  cause  acceleration  of  eutrophication.  The 
activities  of  man  can  aid  nature  in  providing  the  critical  concentrations  of  plant 
nutrients  required. 

Sources 

Culturally  oriented  sources  of  plant  nutrients  are  many  and  varied  but  can 
generally  be  classified  into  a  few  major  sources.  Domestic  waste  water  has 
probably  received  the  most  attention  through  the  years  as  a  concentrated  source 
of  nitrogen  and  phosphorus.  Only  a  small  percentage  of  sewage  treatment  plants 
in  this  country  are  attempting  to  remove  N  and/or  P  through  tertiary  treatment. 
Generally,  sewage  effluents  are  discharged  into  convenient  streams  and  often  end 
up  in  lakes  or  impoundments.  There  are  several  documented  cases  of  sewage 
effluent  accelerating  the  eutrophication  processes  in  lakes.  Urban  and  rural 
runoff  are  2  additional  nutrient  sources.  During  heavy  rainfall  periods,  the 
fertilizers  applied  to  lawns  and  fields  and  the  diverse  materials  spilled  on  city 
streets  are  carried  in  overland  flow  to  streams  and  ultimately  into  lakes  down¬ 
stream.  Finally,  specific  industrial  sources  can  discharge  nutrients  into  streams. 
One  example  is  nitrate  from  phosphate  fertilizer  manufacturing  plants. 

These  are  the  most  important  cultural  sources  of  nutrients  to  lakes  and 
streams.  Natural  sources,  such  as  rainfall,  dry  fallout,  products  of  organic  decay 
and  leaching  processes  and  groundwater  supplement  these  cultural  sources,  in 
some  instances  aggravating  the  problems  associated  with  eutrophication. 

Significance  of  Sources 

The  significance  of  a  nutrient  source  is  dependent,  to  some  degree,  on  the 
physical  characteristics  of  the  receiving  system  and  on  the  chemical  characteris¬ 
tics  of  the  nutrient.  The  assimilative  capacity  of  the  receiving  water  in  conjunction 
with  the  nutrient  concentration  and  volume  of  the  source  will  determine  the 
overall  effect  of  a  nutrient  source.  If  the  source  is  concentrated  but  of  small  vol¬ 
ume,  and  it  is  entering  low  nutrient-large  volume  receiving  waters,  its  effects  may 
be  minimal.  The  availability  to  biological  uptake  of  the  forms  of  nutrients  entering 
a  lake  is  also  important.  If  it  is  not  in  a  form  readily  available  to  aquatic  plants, 
it  may  not  result  in  fertilization  of  the  lake  waters.  Finally,  the  flux  characteristics 
of  a  nutrient  entering  a  lake  can  influence  the  ultimate  effect  of  that  nutrient.  A 
nutrient  entering  the  lake  in  an  occasional,  massive  slug  may  cause  algal  bloom 
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problems,  but  may  be  flushed  from  the  system  in  a  relatively  short  time.  However, 
if  the  nutrient  is  supplied  to  the  system  continuously  at  concentrations  critical 
to  supporting  algal  blooms,  the  problem  is  likely  to  be  chronic. 

QUANTIFYING  CULTURAL  SOURCES 

Determining  the  relative  importance  of  nutrient  sources  in  a  lake’s  watershed 
can  aid  in  nutrient  control  and  lake  management.  Quantification  of  the  nutrient 
contributions  in  a  watershed  can  be  based  onland  use  in  the  basin  or  on  the  contri¬ 
bution  of  individual  sources,  such  as  for  domestic  wastes.  Such  information  can 
then  be  applied  to  other  watersheds  with  similar  characteristics  for  such  purposes 
as  establishing  developmental  and  water  management  guidelines  used  in  estimating 
nutrient  loadings  to  a  proposed  impoundment  and  developing  the  direction  of 
water  quality  management  programs. 

Such  an  approach  was  developed  by  Sonzogni  and  Lee  (1974)  for  the  Lake 
Mendota,  Wisconsin,  watershed.  They  reviewed  the  literature  and  developed  esti¬ 
mates  of  nutrient  contributions  from  various  land  use  activities  in  the  watershed. 
Domestic  sewage  contributions  per  capita  were  also  included. The  nutrient  source 
evaluation  included  contributions  from  rainfall  and  dry  fallout.  The  results  of 
their  review  are  presented  in  Table  1. 

The  results  cannot  be  generally  applied  to  watersheds  in  other  locations  be¬ 
cause  of  differences  in  climate,  topography,  hydrology,  etc.  However,  the  same 
approach  could  be  used  in  quantifying  nutrient  sources  in  Texas.  Such  estimates 
for  the  various  climatological  and  geographical  regions  of  the  state  would  be  an 
invaluable  aid  in  future  water  quality  management  programs. 

It  should  be  stated  here  that  although  nitrogen  and  phosphorus  are  the  primary 
plant  nutrients  and  play  an  important  role  in  determining  the  degree  of  eutrophi¬ 
cation,  many  other  factors  interact  to  determine  the  water  quality  of  a  lake  .  Stud¬ 
ies  on  Wisconsin  impoundments  (Piwoni  and  Lee,  1974)  have  shown  that  water 
color  and  lake  flushing  characteristics  are  also  important.  Additionally,  basin 
morphology,  light,  temperature,  and  availability  of  trace  nutrients  could  affect 
the  degree  of  eutrophication  of  a  lake.  But  if  phosphorus  and/or  nitrogen  are 
not  present  in  sufficient  quantities  to  promote  excessive  aquatic  plant  growth, 
such  growth  will  not  occur. 

TEXAS  IMPOUNDMENTS 
General  Situation  in  Texas 

Texas  faces  water  resource  supply  problems  in  the  future  because  of  increased 
needs  resulting  from  growing  domestic  and  industrial  requirements  and  limited 
water  supplies.  Impoundments  will  play  a  key  role  in  meeting  these  requirements. 
The  state’s  water  plan  (TWQB,  1973)  projects  that  by  the  year  2020,  water  re¬ 
quirements  will  be  fullfilled  by  140  existing  and  under  construction  reservoirs 
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TABLE  1 

Amounts  of  Nitrogen  and  Phosphorus  Derived  from  Various  Types 
of  Land  Use 

Dane  County,  Wisconsin* 


Amounts  Contributed  (Ibs/acre/yr) 


Activity 

Inorganic-N 

Organic-N 

Soluble  O-P 

TotalP 

Base  Flow 

1.1 

- 

0.1 

0.1 

Woodland 

0 

0 

0 

0.0 

Rural  Runoff 

2.8 

1.8 

0.3 

0.6** 

02*** 

Urban  Runoff 

1.0 

3.5 

0.6 

1.0 

Manured  lands 

100  cows/sq.mi. 

15  tons  manure/yr. 

3.0 

1.0 

Precipitation 

5.4 

1.7 

0.16 

0.2 

Dry  Fallout 

6.7 

7.2 

0.1 

0.7 

Ibs/capita/year 

Domestic  waste- 

waters 

6.0 

2.0 

3.0 

4.5 

Septic  Tanks 

var. 

var. 

var. 

var. 

Groundwater 

var. 

var. 

var. 

var. 

Drained  marshes 

90  Ibs/acre 

40  Ibs/acre 

*  After  Sonzogni  and  Lee  (1974) 

**  Wisconsin 
***  Other  Areas 

and  53  proposed  reservoirs,  as  well  as  groundwater  and  possible  pipeline  sources. 
It  is  essential  that  the  water  quality  in  these  reservoirs  is  maintained  at  levels 
commensurate  with  intended  use,  to  minimize  costly  pretreatment  and  aesthet¬ 
ic  problems. 

Most  of  the  impoundments  in  Texas  are  constructed  on  major  rivers  or  their 
tributaries.  Their  primary  purpose  is  to  store  water  collected  during  high  flow 
periods  for  use  during  dry  periods  of  the  year.  Supplemental  uses  include  flood 
control,  power  generation  and  recreation.  Stored  water  is  used  for  domestic  and 
industrial  supplies,  agricultural  irrigation  and  stream  flow  augmentation. 

Many  of  the  impoundments  are  constructed  in  areas  of  relatively  flat  topo¬ 
graphy.  Consequently,  the  impoundments  tend  to  have  large  surface  areas  but 
are  quite  shallow,  except  perhaps  in  the  old  river  channels.  Surface  area  to  depth 
ratios  are  given  in  Table  2  for  some  Texas  impoundments.  The  implications  of  this 
ratio  are  that  the  effective  photic  zone  of  the  lake  is  quite  large,  and  the  stability 
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TABLE  2 


Surface  Area  to  Depth  Ratios  Selected  Texas  Impoundments 


Lake 

Pool  Elevation 

Surface  Area,  ac. 

Pool  Elevation 

Mean  Depth,  ft. 

Ratio 

ac/ft. 

2 

Livingston 

83,000 

23 

3840 

Buchanan1 

23,060 

43 

540 

Lyndon  B.  Johnson1 

6,375 

22 

290 

Travis1 

29,013 

67 

430 

Austin1 

3,000 

7 

430 

2 

Sommerville 

24,4003 

143 

1740 

2 

Conroe 

20,900 

22 

950 

1  From  Fruh  and  Davis  (1972). 

2 

Contoured  depth  aerial  maps. 
3  Flood  control  pool  values. 


of  the  thermocline  may  be  somewhat  decreased  compared  to  deeper  lakes  with 
the  same  volume.  This  would  mean  that  aquatic  plants,  including  phytoplankton, 
would  be  provided  with  more  growing  room,  potentially  allowing  a  larger  total 
productivity  in  the  lake.  Additionally,  the  less  stable  thermocline  could  be  de¬ 
stroyed  by  high  winds  allowing  mixing  of  the  nutrient-rich  hypolimnetic  waters 
with  those  of  the  lower  nutrient  epilimnion.  This  influx  of  nutrients  to  the  grow¬ 
ing  region  of  the  lake  could  also  enhance  plant  and  algae  growth.  The  large,  shal¬ 
low  epilimnions  of  many  Texas  impoundments  would  tend  to  promote  greater 
nutrient  recycling  during  the  summer  period  of  heaviest  recreational  use  than  is 
normally  found  in  natural  lakes  with  the  smaller  ratio  of  suface  area  to  depth.  Ex¬ 
amination  of  Table  2  shows  lower  surface  area:  mean  depth  ratios  are  found  for 
the  impoundments  on  the  upper  Colorado  River  in  the  hilly,  central  portion  of 
the  state. 

One  aspect  of  Texas  impoundment  management  that  would  tend  to  curtail 
macrophyte  growth  is  the  pool  elevation.  Pool  levels  are  raised  and  lowered  ac¬ 
cording  to  water  input  and  water  needs.  Lowering  the  water  level  in  the  dry  pe¬ 
riods  of  the  year  allows  large  sediment  areas  to  dry  out,  making  them  untenable 
to  macrophyte  growth.  Macrophyte  growth  can  occur  only  in  regions  of  the  lake 
that  are  water  covered  throughout  most  of  the  year,  and  yet,  are  shallow  enough 
to  allow  light  penetration.  Thus,  phytoplankton  and  floating  macrophytes  such 
as  duckweed  would  probably  be  favored  for  growth  in  many  Texas  impoundments. 

Trinity  River  System 

The  Trinity  River  is  one  of  the  major  streams  in  East  Central  Texas.  The  flow 
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in  the  river  is  controlled  by  a  number  of  impoundments  on  its  tributaries,  both 
at  its  source  north  and  west  of  Fort  Worth  and  along  the  lower  reaches  of  the 
river.  Most  of  the  tributary  impoundments  are  affected  primarily  by  agricultural 
or  rural  runoff.  Lake  Livingston,  however,  is  on  the  main  channel  of  the  river  and 
feels  the  full  effects  of  man’s  activities. 

Nutrient  levels  in  the  Trinity  River  have  been  studied  by  Connell  (1972),  by 
Chen  (1973a,  1973b  and  1973c)  and  by  Plummer  and  Chen  (1973).  Plummer 
and  Chen  (1973)  reported  that  during  low  flow  periods,  sewage  effluent  con¬ 
stitutes  90%  of  the  river’s  flow  in  the  Dallas  area.  Return  flows  from  sewage 
treatment  facilities  reach  about  360  cfs  below  Dallas.  Growth  in  the  Dallas- 
Fort  Worth  metroplex  has  necessitated  the  construction  of  impoundments  on 
the  source  streams  of  the  Trinity  for  water  supply  purposes.  During  low  flow 
periods,  very  little  water  is  released  to  maintain  flow  in  the  river.  Connell  (1972) 
determined  that  90%  of  the  phophorus  in  the  river  below  Dallas  during  low  flow 
periods  is  ortho  or  soluble  phosphate.  Chen  (1973a)  stated  that  sewage  treatment 
plants  are  also  the  main  nitrogen  source  to  the  river  during  low  flows,  providing 
40,000  lbs  N/day. 

Connell’s  data  (1972)  showed  that  total  phosphorus  load  increases  sharply 
with  increasing  flow.  He  found  that  at  high  flows,  only  20%  of  the  total  phos¬ 
phorus  in  the  river  was  ortho-P.  This  accents  the  importance  of  runoff  water  from 
rural  and  urban  areas  which  would  be  expected  to  be  primarily  particulate  and 
organically -bound  phosphorus.  Chen  (1973c)  suggested  that  the  high  flow  phos¬ 
phorus  flux  can  be  used  to  assess  the  importance  of  non-point  sources  in  the  river 
basin.  However,  quantifying  such  sources,  which  would  include  rural  and  urban 
runoff,  sludge  resuspension,  rainfall  and  releases  from  tributary  impoundments, 
would  require  that  considerable  amounts  of  field  work  during  high  flow  periods 
be  done.  Such  work  could  lead  to  the  establishment  of  values  for  nutrient  con¬ 
tributions  from  specific  watershed  land  usage,  such  as  those  developed  by 
Sonzogni  and  Lee  (1974)  for  Lake  Mendota,  Wisconsin. 

Preliminary  estimates  by  Plummer  and  Chen  (1973)  indicated  that  about  25% 
of  the  annual  phosphorus  load  to  the  river  is  from  sewage  treatment  plants.  This 
represents  almost  60%  of  the  soluble  ortho-P.  Urban  and  rural  runoff  supply  about 
35  and  40%  of  the  total  annual  phosphorus,  respectively.  Accordingto  Chen  (1973a) 
urban  runoff  provides  about  20%  of  the  total  nitrogen  annually  to  the  Trinity 
River  and  agricultural  runoff  contributes  about  25%. 

The  estimated  N  and  P  loadings  to  the  river  gain  significance  in  considerations 
of  the  nutrients  loadings  to  Lake  Livingston.  Connell  (1972),  Chen  (1973a)  and 
Plummer  and  Chen  (1973)  all  indicated  that  significant  amounts  of  N  and  P  were 
removed  from  the  river  water  between  Dallas  and  Crockett,  reducing  the  loading 
on  Lake  Livingston.  Losses  are  attributed  to  aggregation  and  sedimentation  pro¬ 
cesses,  and  to  biological  mechanisms  at  work  in  the  river,  particularly  under 
anaerobic  conditons.  Still,  it  is  felt  that  large  quantities  of  nutrient  materials 
are  entering  the  reservoir.  A  report  on  Lake  Livingston  by  Fruh  and  Masch 
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(1972)  presents  data  which  indicate  that  inorganic  nitrogen  levels  in  the  lake 
are  quite  low,  while  levels  ofortho-Pare  more  than  adequate  to  support  algal 
growth.  Epilimnion  concentrations  of  total  inorganic-N  (N03  ",  N02  “  and  NH4+) 
did  not  exceed  0.2  mg-N/1  from  March  through  September,  1971.  Concentra¬ 
tions  were  generally  less  than  0.05  mg-N/1.  From  their  data,  which  includes 
carbon-14  bioassay  studies,  Fruh  and  Masch  (1972)  concluded  that  nitrogen 
limits  algal  growth  ai  times  in  Lake  Livingston.  Light  penetration  and  temper¬ 
ature  are  also  mentioned  as  affecting  phytoplankton  growth. 

Fruh  and  Masch  (1972)  also  found  that  the  dissolved  oxygen  in  the  hypo- 
limnion  of  Lake  Livingston  was  quickly  depleted.  Their  investigations  indicate 
that  the  high  influx  of  oxygen-demanding  materials  from  the  Trinity  River  is 
the  main  reason,  although  oxygen  demand  from  decaying  vegetation  was  also 
important. 

Based  on  the  information  available  at  this  time,  man’s  activities  in  the  upper 
reaches  of  the  Trinity  River  appear  to  profoundly  affect  the  water  quality  in 
Lake  Livingston.  Sewage  effluent  and  rural  and  urban  runoff  provide  excessive 
amounts  ofortho-Pfor  fertilization  of  the  lake’s  surface  waters.  Nuisance  algal 
levels  have  probably  been  somewhat  suppressed  in  the  past  because  of  insufficient 
concentrations  of  available  nitrogen,  but,  should  current  disposal  and  fertilization 
processes  in  the  Trinity  basin  increase  in  the  future,  this  shortage  of  available 
nitrogen  may  disappear.  It  appears  that  tertiary  treatment  for  the  removal  of 
nitrogen  from  sewage  effluent  might  aid  in  improving  and  preserving  the  water 
quality  in  Lake  Livingston. 

Impoundments  on  the  Colorado  River 

Fruh  and  Davis  (1972)  completed  a  study  on  7  impoundments  on  a  150  mi. 
reach  of  the  Colorado  River  in  central  Texas.  The  impoundments  studied  were 
Buchanan,  Inks,  Lyndon  B.  Johnson,  Marble  Falls,  Travis,  Austin  and  Town,  in 
order  progressing  downstream.  Lake  Austin  and  Town  Lake  provide  the  water 
supply  for  the  city  of  Austin,  and  are  the  most  interesting  of  the  impoundments 
from  a  watershed  development  viewpoint.  The  major  tributaries  to  Lake  Austin 
are  in  rural  areas,  while  Town  Lake  receives  nearly  all  the  urban  runoff  from  the 
city  of  Austin. 

Examination  of  water  treatment  plant  records  of  bacterial  counts  for  Colorado 
River  water  from  1925  to  1966  (Fruh  and  Davis,  1972)  showed  that  impound¬ 
ment  of  the  river  caused  a  substantial  decrease  in  bacteria.  However,  progressive 
urbanization  in  recent  years  has  reversed  the  trend  and  bacterial  counts  have  been 
rising,  especially  in  Town  Lake.  Comparison  of  the  ammonia  and  chlorine  dosage 
required  for  a  Town  Lake  versus  a  Lake  Austin  water  treatment  plant  shows  that 
from  1957  to  1965,  the  Town  Lake  plant  has  been  required  to  do  more  pretreat¬ 
ment  of  the  water.  Comparison  of  dissolved  solids  in  the  2  lakes  shows  little  dif¬ 
ference  except  for  hardness,  which  has  been  increasing  in  Town  Lake. 

The  effect  of  rainfall  on  Waller  Creek  (Fruh  and  Davis,  1972)  which  receives 
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urban  runoff  from  the  Austin  area,  is  to  increase  dissolved  solids  by  about  100%. 
Significantly,  N03  and  NH4  concentrations  showed  large  increases.  Fruh  and 
Davis  (1972)  concluded  that  the  main  factor  affecting  water  quality  in  the  river 
system  (to  that  point)  was  surface  runoff,  especially  in  Town  Lake.  Dredging 
activities  are  considered  to  be  responsible  for  most  of  the  hardness  increase.  Po¬ 
tential  significance  of  urban  storm  water  drainage  as  a  source  of  aquatic  plant 
nutrients  for  natural  waters  has  been  studied  in  some  detail  by  Klusener  and  Lee 
(1974).  They  have  found  that,  in  general,  the  conversion  of  forested  areas  into 
agricultural  and  especially  urban  areas  results  in  a  several  order  of  magnitude 
increase  in  the  amounts  of  nitrogen  and  phosphorus  derived  per  acre  of  land. 

Sewage  effluent  is  added  to  the  Colorado  River  below  Town  Lake,  so  it  is 
not  a  factor  in  supplying  nutrients  to  the  highland  lakes.  Consequently,  nutrient 
levels  in  the  lakes  are  very  low.  Dissolved  solids  do  show  a  slight  increase  down 
the  river  from  Lake  Buchanan  to  Town  Lake  (Fruh  and  Davis,  1972).  Total-P 
and  inorganic-N  concentrations  determined  in  1969  showed  a  slight  Increase 
from  Lake  Travis  to  Lake  Austin  to  Town  Lake.  Total-P  and  inorganic-N  con¬ 
centrations  are  quite  low  for  all  3  lakes  with  recorded  maximums  of  0.06  mg- 
P/1  and  0.46  mg-N/1.  These  maximums  were  found  in  Town  Lake  in  October, 
1969.  Limiting  nutrient  studies,  which  included  batch,  in  situ  and  carbon-14 
bioassays,  indicate  that  P,  N  and  Fe  can  limit  algal  growth  during  different 
times  of  the  year.  Often,  little  stimulation  of  algal  growth  occurred  in  cultures 
unless  2  or  more  of  these  essential  nutrients  were  added  (Fruh  and  Davis,  1972). 

Connell’s  data  (1972)  showed  a  5-10  fold  increase  in  soluble  phosphorus 
concentrations  in  the  Colorado  River  from  a  point  above  the  Austin  sewage 
outfall  to  Bastrop,  50  mi.  downstream.  Again,  sewage  effluent  appears  to  be  a 
major  source  of  phosphorus  to  another  major  Texas  river  system. 

Other  Texas  River  Systems 

In  addition  to  the  Trinity  and  lower  Colorado  River  systems,  Connell  (1972) 
studied  phosphate  concentrations  in  the  lower  Brazos,  San  Antonio,  Sabine  and 
San  Bernard  Rivers.  Only  in  the  San  Bernard  River,  south  and  west  of  Houston, 
was  watershed  runoff  considered  as  the  major  source  of  phosphorus.  Population 
in  this  watershed  was  estimated  at  less  than  10,000.  Connell’s  estimates  (1972) 
for  municipal  wastewater  loading  of  phosphates  to  these  river  systems  are  pre¬ 
sented  in  Table  3.  These  loadings  have  to  be  considered  with  respect  to  mean 
annual  flows  at  various  locations  along  the  river  to  appreciate  their  importance. 
Connell  (1972)  also  reported  that  phosphate  loadings  from  industrial  sources  did 
not  reach  levels  that  could  be  identified  by  the  type  of  mass  balance  analysis 
that  he  employed. 

Phosphate  studies  by  Connell  (1972)  on  the  Trinity  River  watershed  indicated 
that  urban  runoff  contributed  more  phosphate  per  unit  area  than  rural  areas  during 
moderately  heavy  rainfall.  The  Brazos  watershed,  which  included  intensive  rice 
and  cotton  farming  areas,  contributed  the  most  phosphate  from  rural  runoff, 
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TABLE  3 


Phosphate  Loading  to  Texas  Rivers  From  Municipal  Sewage  Sources1 


River  Systems 

Phosphate  Loading,  Tons/day 

Trinity-D alias  to  Lake  Livingston 

26.0 

Brazos-Waco  to  Richmond 

6.02 

San  Antonio-San  Antonio  to  Goliad 

6.0 

Colorado-Austin  to  Bay  City 

3.0 

Sabine- Above  Lake  Tawakoni 

0.25 

-Between  Lake  Tawakoni  and  Toledo  Bend 

1.5 

San  Bernard 

0.05 

1  After  Connell  (1972). 

2  About  2.3  Tons/day  attributed  to  Waco. 

including  considerable  amounts  of  soluble  phosphate  during  some  periods  of 
study.  In  general,  Connell  (1972)  found  that  rural  runoff  contributed  primarily 
nonsoluble  phosphate  forms.  The  potential  importance  of  the  insoluble  phos¬ 
phate  present  in  urban  and  rural  runoff  for  Texas  is  unknown  at  this  time.  Stud¬ 
ies  by  Cowen  and  Lee  (1974)  have  shown  that  in  the  upper  midwest  and  eastern 
U.S.  approximately  20%  of  the  particulate  phosphorus  would  likely  become 
available  in  urban  and  rural  storm  water  drainage.  There  is  a  need  for  similar 

studies  to  those  conducted  by  Cowen  and  Lee  in  the  Texas  region  in  order  to 
more  properly  assess  the  potential  significance  of  the  diffuse  and  point  sources 
of  phosphorus  for  Texas  surface  waters. 

Fate  of  Water  Quality  in  Texas  Impoundments : 

The  continuing  growth  of  Texas  population  and  industrial  activities  will 
result  in  increased  amounts  of  municipal  and  industrial  wastewater  discharges. 
As  impoundments  grow  in  importance  as  water  supplies  for  municipalities 
throughout  much  of  the  state,  precautions  will  have  to  be  taken  to  protect  the 
water  quality  in  these  impoundments,  or,  alternatively,  pay  excessive  costs  for 
the  treatment  of  these  waters  and  suffer  the  loss  in  their  recreational  capabilities. 
Phosphorus,  a  key  nutrient  in  the  growth  of  algae,  comes  primarily  from  3  sources: 
(1)  municipal  wastes,  (2)  urban  runoff,  and,  (3)  rural  runoff.  Connell  (1972) 
feels  that  an  80-90%  removal  of  phosphate  by  sewage  treatment  plants  would 
significantly  cut  down  the  biological  activity  in  the  state’s  rivers  and  impound¬ 
ments.  While  sewage  effluent  accounts  for  only  about  25%  of  the  total  phos¬ 
phorus  and  20%  of  the  total  nitrogen  entering  the  Trinity  River,  it  provides 
much  higher  percentages  of  the  most  readily  available  forms  of  these  nutrients. 
These  forms  of  the  elements  have  the  highest  potential  for  plant  uptake  and 
utilization.  Studies  should  be  conducted  to  determine  if  removal  of  these  nutri- 
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ents  at  the  source  would  be  an  important  step  in  slowing  eutrophication  in  Texas 
impoundments. 

Area  sources,  such  as  urban  and  rural  runoff  are  much  more  difficult  to  con¬ 
trol.  However,  intelligent  application  of  fertilizers  and  careful  cultivation  tech¬ 
niques  could  minimize  nutrient  contributions,  while  providing  savings  in  soil 
erosion  and  fertilization  costs  to  the  farmer  or  urban  dweller. 

It  is  somewhat  unlikely  that  large  amounts  of  additional  supplies  of  dilution 
water  will  be  available  for  Texas  rivers  in  the  future.  If  the  preservation  of  good 
water  quality  is  desired  for  Texas  impoundments,  it  will  be  necessary  to  control 
nutrient  imputs,  especially  from  cultural  sources,  and  to  utilize  available 
management  techniques  and  to  initiate  a  major  research  and  development 
program  designed  to  develop  management  techniques  which  are  specifically 
directed  toward  the  control  of  excessive  fertilization  in  Texas  impoundments. 
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URNATELLA  GRACILIS  LEIDY  FROM  THE  ANGELINA  RIVER,  TEXAS- 
Specimen  of  Urnatella  gracilis  Leidy:  Phylum  Endoprocta,  were  found  on  19  April  1974  and 
16  May  1974  in  benthic  samples  collected  from  the  Angelina  River,  Neches  River  Basin,  Texas. 
The  species  has  only  been  reported  3  times  in  the  United  States  west  of  the  Mississippi  River: 
Oklahoma  (Harrel,  1967 ,  Southwest.  Nat.,  12:203)  Lake  Dallas,  Texas  (Weise,  1961,  Limnol. 
Oceanogr.,  6:228)  and  the  Trinity  River,  Texas  (McCullough  and  Smith,  1915 ,  Southwest. 
Nat.,  20:1-71).  On  19  April  1974,  specimen  of  U.  gracilis  were  found  in  benthic  samples 
collected  from  the  Angelina  River  approximately  100  m  downstream  from  the  confluence 
with  Paper  Mill  Creek,  11  km  SSE  of  Nacogdoches,  Texas.  Paper  Mill  Creek  carries  effluent 
from  a  pulp  mill  located  at  Lufkin,  Texas.  On  16  May  1974,  specimen  were  found  in  benthic 
samples  collected  from  the  Angelina  River  approximately  20  m  upstream  from  the  FM  1911 
bridge,  10  km  west  of  Nacogdoches,  Texas. 

Complete  results  of  water  quality  analysis  of  samples  taken  at  the  sites  where  specimen  were 
collected  may  be  obtained  from  the  authors,  however,  it  is  significant  to  note  that  U.  gracilis 
does  seem  to  have  some  tolerance  for  polluted  water  conditions.  Dissolved  oxygen  values  of 
2.3  ppm,  chemical  oxygen  demand  of  24.0  ppm,  turbidity  of  47  JTU,  and  color  values  of 
147  color  units  were  recorded  at  the  collection  sites. 

Preserved  specimen  have  been  deposited  in  the  Invertebrate  Collection,  Stephen  F.  Austin 
State  University. 

-  Don  Cox  and  Jack  D.  McCullough,  Department  of  Biology,  Stephen  F  Austin  State  Univer- 
si ty,  Nacogd och  es  75961 

ISOLDA  PULCHELLA  (POLYCHAETA:  AMPHARETIDAE)  RECORDED  FROM 
THE  GULF  OF  MEXICO— Isolda pulchella  (Muller,  1858)  has  been  described  and  illustrated 
by  Day  (1973,  NOAA  Tech.  Rept.  NMFS  Circ.  375,  140  pp.).  Day  (1963,  Bull.  Brit.  Mus. 
Nat.  Hist.  ZooL,  10(7): 434) determined  that/,  warnebroensis  (Augener,  1914)  collected  in 
southwest  Australia  and  Burma,  and/,  sibogae  (Caullery,  1944)  collected  in  Indonesia  are 
conspecific  with  I  pulchella.  A  single  specimen  taken  off  Beaufort,  North  Carolina  constituted 
the  first  published  record  for  the  United  States  (Day,  1973).  Taylor  (unpublished)  records 
this  polychaete  from  Tampa  Bay,  Florida.  This  report  represents  the  first  published  record 
of  /.  pulchella  from  the  Gulf  of  Mexico. 

We  have  collected  a  total  of  32  specimens  of /.  pulchella  at  4  sites  in  Corpus  Christi  Bay, 
Texas.  All  of  our  specimens  fit  the  description  as  given  by  Day  (1973). 

The  sampling  locations  were  as  follows: 

27°51,17”n,  97°15,57”w,  1  specimen,  October,  1972 
27°52,20”n,  97°07,03”w,  1  specimen,  December,  1972 
27°51/17,,N,  97°  15,57^W,  13  specimens,  November,  1974 
27°49,15,,N,  97°12,22,,W,  17  specimens,  December,  1974 

Substrate  at  the  collection  sites  consisted  of  shell  or  shelly  sand.  Salinity  values  ranged 
from  21  to  31  ppt,  dissolved  oxygen  values  from  5.4  to  16.6  mg/1  and  temperatures  from  7.5  to 
27.0  C.  Depths  ranged  from  3  to  5  meters. 

Specimens  of  I  pulchella  are  retained  by  the  authors  at  the  University  of  Texas  Marine 
Science  Institute,  Port  Aransas  Marine  Laboratory,  Port  Aransas,  Texas  78373. 

University  of  Texas  Marine  Science  Institute  Contribution  No.  190. 

—  IS.  Holland,  Nancy  J.  Maciolek  and  Mark  J.  Poff  University  of  Texas  Marine  Science  Institute, 
Port  Aransas  Marine  Laboratory,  Port  Aransas,  Texas  78373. 
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dorsalis;  291 
Cirsium 

horridulum;  136 
Cissus 

incisa;  147 
Closterium;  35  3 
Cnemidopharus 
sexline atus;  296 
Cnidoscolus 
texana;  138 
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Cocaine,  13 
Codiaceae;  99 
Coin  bar 

constrictor;  297 
Commelina 
erecta;  136 
Commelinaceae;  135 
Composita;  99 
Compositae;  136 
Condor;  244,  245 
Convolvulaceae;  137 

Cook,  Lawrence  P.,  Stephen  E.  DeLong, 
Harold  A.  Illich,  Michael  A.  Jordan, 
“Granitic  Rocks  of  the  Baldwin  Quarry, 
Llano  County,  Texas”;  73 
Cooperia 

drummondii;  134 
Cornus 

florida;  447 
Corydalis 

micrantha;  139 
Corynebacterium;  168 
Cory  phe  ana 
equisetis;  245 

Cox,  Don,  Jack  D.  McCullough,  “ Uranatella 
gracilis  Leidy  from  the  Angelina  River, 
Texas”;  489 
Crassostrea 

virginica;  419,  422,424,425,437,440 
Crawford,  Crayton  M.,  “What  Does  a  Cal¬ 
orimeter  Measure?”;  235 
Cretaceous  sediment;  73 
Crotalus 
atrox;  297 
molossus;  228,  230 
Crotaphytus 
c.  collaris;  296 
Croton 

capitatus;  138 
glandulosus;  138 
parksii;  138 
punctatus;  132,  138 
Cruciferae;  138 
Cynodon 

Dactylon;  132,  140 
Cyperaceae;  138 
Cyperus 

globulosus;  138 
surinamensis;  138 
Cypselurus 

heterurus;  245 
cytokinins;  207 

D 

Dactyloctenium 
aegyptium;  140 
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Dalea 

emarginata;  142 
Daucus 

pusillus;  147 

Davis,  William  K.,  see  Tupa,  Dianna  Dowden 
Degenhardt,  William  G.,  Ted  L.  Brown, 
David  A.  Easterla,  “The  Taxonomic 
Status  of  Tantilla  cucullata  and  Tantilla 
diabola ”;  225 

DeLong,  Stephen  E.,  see  Cook,  Lawrence  P. 
Desmognathus 
fuscus;  186 
Diadophis 

punctatus;  231, 232,  297 
Dichromena 

colorata;  132,  138 
Dictyoclostus;  99 
Dierochelys 
reticularia 
miaria;  296 
Diospyros 
texana;  405 

Drewes,  R.  C.,  see  Murphy,  Robert  W. 
Drug  levels  in  biological  fluids;  16 

E 

Easterla,  David  A.,  “The  Black  Myotis  (Myo- 
tis  nigricans )  from  Leticia,  Colombia”; 
245 

See  Degenhardt,  William  G. 
Echinoconchus;  99 
Egeria 

densa;  184 
Elaphe 
guttata 

ernoryi;  297 
obsoleta 

lindheimeri;  297 
Eleocharis 

montevidensis;  138 
Emydura 

macquarii;  149 
En terobacteriaceae;  367,  368 
Epimastopara;  99,  105 
Eragiostis 

oxylepis;  140 
Erigeron 

myrionactis;  136 
Eriogonum 

multiflorum;  145 
Erythrina 

herbacea;  142 

Estes,  E.  L.,  see  Scrudato,  R.  J. 

E  theostoma 
fonticola;  185 
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Eudorina;  353 
Euglena;  353,  355 

granulata;  353,  355, 358 
Eugonophyllum,  99,  103 
Eumeces 

obsoletus;  296 
Euonymus 

americanus;  447 
Eupatorium 

be  tonici folium;  136 
Euphorbia 

ammannioides;  138 
innocua;  138 
macula  ta;  139 
Euphorbiceae;  138 
Eurycea 

la  titans;  179 
lucifuga;  189 

nana;  179,  180,  181,  182,  184,  185, 
186,189,190,191,193,194 
pterophila;  179 
rathbuni;  179 
tridentifera;  179 
troglodytes;  179 
tynerensis;  179 
Eustoma 

exallatum;  139 
Evax 

vema;  136 

F 

Faget,  Carol,  N.  M.  Trieff,  J.  Glenn  Songer, 
“A  Preliminary  Survey  on  the  Water 
Quality  of  Dickinson  Bayou,  Texas”; 
455 
Fagus 

grandi folia;  448 
Flaveria 

oppositi folia;  136 
Flavobacterium;  168 
Font,  Robert  G.,  “Relationship  Between 
the  Geologic  History  and  Engineering 
Properties  of  Two  Cretaceous  Shales ”; 
267 

Fortman,  Jon  R.,  see  Jackson,  Crawford  G. 
Foster,  B.  G.,  Vijaya  B.  Rao,  “Isolation 
and  Characterization  of  Aeromonas 
shigelloides  Endotoxin”;  367 
Froelichia 

floridana;  134 

Fryar,  E.  Dewane,  D.  Walling,  “The  Trun¬ 
cated  Normal  Density”;  39 
Fumariaceae;  139 

G 

Gaillardia 

pulchella;  132,  136 
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Galactia 

canescens;  142 
Gas-liquid 

chromatography,  13 
Gastrophryne 

carolinensis;  295 
olivacea;  295 
Gaura 

adorata;  144 
Gentianaceae;  139 
Geomys;  361,  363,  365 

bursarius;  361,  363,  364,  365 
pinetis;  361, 362,  363,  365,  366 
Gerrhonotus 

liocephalus;  231 

Gillespie,  Terry  S.,  “The  Flowering  Plants 
of  Mustang  Island,  Texas-An  Annotated 
Checklist”;  131 
Gopherus 
agassizi;  321 
berlandieri;  321 
Gramineae;  139 

Greer,  John  K.,  “Activities  of  Blue  Dolphins 
in  the  Atlantic  Ocean”;  245 
Guttiferae;  141 
Gyalopion 
canum;  231 

H 

Habrobracon 
juglandis;  163 
Halocypeslus 
evolans;  245 

Hambrick,  Patrick  S.,  “Additions  to  the 
Texas  Herpetofauna,  with  Notes  on 
Peripheral  Range  Extensions  and  New 
Records  of  Texas  Amphibians  and 
Reptiles”;  291 

Hamlett,  T.  R.,  “Semi-Continuous  and 
Irresolute  Functions”;  45 
Hardcastle,  J.  E.,  Mary  K.  Hardcastle,“The 
Nutritive  Value  of  Commercial  White 
Bread  as  a  Single  Food  for  Hamsters”; 
307 

Hardcastle,  Mary  K.,  see  Hardcastle,  J.  E. 
Harlan,  H.  David,  see  Carlo,  Michael  J. 
Hart,  E.  Blake,  see  Best,  Troy  L. 

Haywood,  C.  T.,  L.Verdini,  “An  Analysis  of 
the  Temperature  Dependent  Resistiv¬ 
ity  of  Palladium  and  Palladium/Hydro¬ 
gen  Alloys”;  257 
Helianthus 

argophyllus;  132,  136 
Heliotiopium 

curassavicum;  132,  135 
convolvulaceum;  135 
Henningsen,  B.  F.,  see  Scrudato,  R.  J. 
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Heterodon 
nasicus;  297 
platyrhinos ;  297 
Heterotheca 

subaxillaris;  136 

Hill,  Loren  G.,  see  Baglin,  Raymond  E. 
Holbrookia 

macula ta;  296 

Holland,  J.  S.,  Nancy  J.  Maciolek,  Mark  J. 
Poff,  “/ soldo  pulchella  (Polychaeta: 
Ampharetidae)  Recorded  from  the 
Gulf  of  Mexico”;  489 
Holmgren,  Paul,  see  Nunez,  William  J. 
Hordeum 

pusillum;  140 

Huggins,  Frank  N.,  “Generalized  Lipschitz 
Conditions”;  25 1 
Hyalella 

azeteca;  185 
Hydrocotyl 

bonariensis;  132,  147 
Hydrophyllaceae;  141 
Hyla 

cine  re  a;  175,  177 
Hypericum 

frondosum;  448 
paucifolium;  141 

I 

Ictalurus 
melas;  186 

Ideker,  Joseph,  “Tadpole  Thermoregulatory 
Behavior  Facilities  Grackle  Predation”; 
244 
Ilex 

ambigua;  448 
decidua;  447 
opaca;  443,  447 

Illich,  Harold  A.,  see  Cook,  Lawrence  P. 
in  vacuo;  368 
Indigofer  a 
miniata;  142 
suffruticasa;  142 
Ipomoea 

pes-caprae;  137 
sinuata;  132,  137 
stolonifera;  137 
trichacarpa;  137 
Iridaceae;  141 
Isolda 

pulchella;  489 
sibogae;  489 
warnebroensis;  489 
Itea 

virginica;  443,  447 
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Iva 

an  gusti folia;  136 
imbricata;  1 36 

J 

Jackson,  Crawford  G.,  Jon  R.  Fortman, 
“A  Disjunct  Population  of  the  Eastern 
Chicken  Turtle  Deirochelys  r.  reticu- 
laria  in  Northeastern  Mississippi”;  243 
Jin,  Doo  Jung,  “A  Discriminant  for  Ground 
Water  Exploration”;  87 
Jordan,  Michael  A.,  see  Cook,  Lawrence  P. 
Juniperus  mexicana;  214 

K 

Kent,  David  H.,  see  Young,  Willard  C. 
Killebrew,  Flavius  C.,  “Mitotic  Chromo¬ 
somes  of  Turtles  II.  The  Chelidae”; 
149 

Kinosternon 

flavescens 

flavescens;  296 
hirtipes 

murrayi;  292,  293 
sonoriense;  291, 292,  293 
subrubrum 

hippocrepis;  296 

Krottinger,  David  L.,  Eldon  H.  Sund, “Novel 
Synthesis  of  a,  a,  a-Trifluoro-p-N itro- 
toluene”;  243 

L 

Labiatae;  141 
Lamium 

amplexicaule;  141 
Lampropeltis 
c  alii  gas  ter 

c  alii  gas  ter;  297 
getulus 

calif orniae;  232 
holbrooki;  297 
splendida;  297 
mexicana;  231 
triangulum;  231,  297 
L  an  tana 

horrida;  147 
Larrea 

tridentata;  405 
Lasiurus 
ega;  246 
Laticinctus;  406 
Lecithocladium;  245 
Lee,  G.  Fred,  see  Piwoni,  M.  D. 
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Leguminosae;  141 
Lemmus 

lemmus;  366 
Lepidium 

virginicum;  138 
Lepomis 

auritus;  185 
Leptodictyum 

riparium;  184,  193 
Leptoloma 

cognatum;  140 
Leptotyphlops 
dulcis;  231 
dulcis;  297 
Lesquerella 

grandiflora;  138 
Leucaena 

leucocephala;  142 
Lewis,  T.O.,  see  Shurbet,  G.  L. 
Limonium 

nashii;  132,  145 
Linaceae;  143 
Lin  aria 

texana;  146 
Linoproductus,  99 
Linum 

alatum;  143 
rigid  urn;  143 
Liquidambar 

Styraciflua;  443,  447 
Liriodendron 
tulipifera;  45 1 
Loganiaceae;  143 

Long,  Charles  A.,  David  L.  Smart,  “Vari¬ 
ation  and  Correlation  of  the  Os  Cordis 
and  Heart  in  Odocoileus  virginianus 
(Artiodactyla)”;  155 

Long,  R.  A.,  W.  L.  Ellis,  G.  R.  Taylor, 
“Response  of  Nematospiroides  dubius 
to  the  Space  Environment”;  163 
LSD;  19 
Ludwigia 
repens,  183 
Lycium 

carolinianum;  146 
Lyngbya;  184,  185,  191, 193 

M 

Machaer anther a 

phyllocephala;  132,  137 
Maciolek,  Nancy  J.,  see  Holland,  J.  S. 
Macrophages;  427 
Magnolia 

virginiana;  448,  451 
Malaclemys 
terrapin 

littoralis;  296 


Malvaceae;  143 

Marshall,  James  L.,  “Fourier  Transform 
Analysis  of  the  Termperature  Data  of 
Denton  County”;  403 
Masticophis 
flagellum;  297 
Maurandya 

an  tirrhini flora;  146 

Maxwell,  Terry  C.,  see  McClung,  G.  Dan 
McClung,  G.  Dan, Terry  C.  Maxwell,  “New 
Locality  for  Agkistrodon  contortrix 
pictigaster  (Crotalidae)  in  Texas”;  405 
McCullough,  Jack  D.,  see  Cox,  Don 
McLemore,  Ethel  Ward,  Ira  L.  Wright, 
“Reflection  Coefficients  and  Their  De¬ 
rivatives”;  331 

McM orris,  A.  H .,  A.  A.  Aucoin,  “Cascaded 
Binary  State  Machines”;  401 
Medicago 

minima;  142 
Melia 

azedarach;  144 
Meliaceae;  144 
Melilotus 

indicus;  142 
Micrococcus;  168 
Microcystis;  354 
Micropterus 

salmoides;  186 
Micrurus 
fulvius 

tenere;  298 
Mima;  168 
Mimosa 

strigillosa;  142 

Mishler,  Robert,  see  Schufle,  Joseph  A.; 
Mola 

lanceolta;  245 
Mollugo 

verticillata;  134 
Molossus 

bondae;  246 
Monanthochloe 

littoralis;  132,  140 
Monarda 

citriodora;  141 

Moore,  Richard  H.,  “Reproductive  Habits 
and  Growth  of  Bufo  speciosus  on 
Mustang  Island,  Texas,  with  Notes  on 
the  Ecology  and  Reproduction  of 
Other  Anurans”;  173 
Moraxella;  168 
Morone 

chrysops;  113 

Murphy,  Robert  W.,  R.  C.  Drewes,  “Com¬ 
ments  on  the  Occurrence  of  Smilisca 
baudini  (Durneril  and  Bibron)  (Am¬ 
phibia:  Hylidae)  in  Bexar  County, 
Texas”;  406 
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Mycobacterium 

tuberculosis;  428,  429 
My  otis 

nigricans ;  246 
Myrica 

cerifera;  448 
Myriophyllum 
brasiliense;  183 
heterophyllum;  183 

N 

Nafas 

quadalupensis;  214 
Natrix 

erythrogaster 
flavigaster;  298 
grab  ami;  294 
sipedon 

pleuralis;  291,  293 
N autococcus;  355,  357,  360 

emersus;  353,  355,  356,  357,  358 
Nelson,  Bardin  H.,  see  Teske,  Raymond  H.  C. 
Ne  ma  tos  piroides 

dubius;  163, 164,  168,  169,  170, 171 
Neospirifer;  99 
Neptunia 

pubescens;  142 
Ni  ppostrongylus 

brasiliensis;  169, 170 
muris;  169 

Nixon,  E.  S.,  J.  A.  Raines,  “Woody  Creek- 
side  Vegetation  of  Nacogdoches  County, 
Texas”;  443 
Noctilio 

labialis;  246 

Norwine,  Jim,  “City  Size  and  the  Urban 
Heat  Island:  Observed  Effects  at  Small 
Cities  in  a  Subtropical  Environment”; 
383 

Notophthalmus 

viridescens 

louisianensis;  295 

Nunez,  William  J.,  Paul  Holmgren,  Vernon  E. 
Scholes,  “An  Electron  Microscopic 
Study  of  Antigen  Binding  in  vitro  by 
Specifically  Sensitized  Peritoneal  Exu¬ 
date  Cells  of  the  Guinea  Pig”;  427 
Nyctaginaceae;  144 
Nyssa 

sylvatica;  447 

o 

Oatman  Creek  Granite;  74 
O  do  coileus 

virginianus;  155 
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Oenothera 

drummondii;  144 
laciniata;  144 
speciosa;  144 
Oklahomaichnus 

millsii;  107, 108, 109 
Oldham,  R.  S.,  “Chorus  Maintenance  in 
Breeding  Populations  ofth eRana  pip- 
iens  Complex”;  323 

Olson,  R.  Earl,  “Weight  Regimes  in  the 
Tortoise  Gopherus  berlandieri ”;  321 
Onagraceae;  144 
Opiates,  12 
Opuntia 

lindheimeri ;  132, 135 
Os  try  a 

virginiana;  443, 447 
Oxalidaceae;  144 
Oxalis 

dillenii;  144 
drummondii;  144 

P 

Packsaddle  Schist;  74 
Palaemonetes 
paludosa;  185 
Palafoxia 

texana;  137 
Paleozoic  sediment;  7 3 
Panicum 

an  gusti folium;  140 
geminatum;  140 
portoricense;  140 
Papaveraceae;  144 
Pappogeomys 

castanops;  361,  362,  365 
Parkinsonia 
aculeata;  142 
Paspalum 

monostachyum;  140 
setaceum;  140 
Pasteurella 
pestis;  368 

Pelomedusa;  150,  153 
subrufa;  150 
Pelomedusidae;  149 
Pelusios;  150 
Peneus 

seti ferns;  419 
Pes-caprae 

emarginata;  132 
Phacelia 

hirsuta;  141 
Phagocytic;  427 
Philoxerus 

vermicularis;  134 
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Phlox 

glabri flora;  145 
littoralis;  132 
Phrynops 
gibba;  149 
Phrynosoma 

mode  stum;  296 
Phycologia;  360 
Phycology;  360 
Phyla 

incisa;  132,  147 
nodi  flora;  147 
Phyllanthus 

abnormis;  139 
Physalis 

viscosa;  146 
Pictigaster;  406 
Pinus 

echinata;  448,  451 
elliotii;  45 1 
palustris;  45 1 
taeda;  447 
Pituophis 

melanoleucus;  298 
Placobdella;  185 
Planer 

aquatica;  447 
Plantaginaceae;  145 
Plant  ago 

hookeriana;  145 
virginica;  145 
Plethodon 
glutinosus 

albagula;  295 
Pleurodira;  149 
Pluchea 

purpurescens;  137 
Plumbaginaceae;  145 
Plumbago 

scandens;  145 
Poa 

annua;  140 

Poche,  David,  James  E.  Brooks,  “Depo- 
sitional  Environment  of  the  Palo  Pinto 
Limestone  (Upper  Pennsylvania)  in 
North-Central  Texas”;  95 
Podocnemis;  149,  150 
dumeriliana;  149 
expansa;  149 
lewyana;  149 
uni filis;  149 
vogli;  149 

Poff,  Mark  J.,  see  Holland,  J.  S. 

Polansia 

dodecandra;  135 
Polemoniaceae;  145 
Polygonaceae;  145 
Polypremum 

procumbens;  143 


Populus 

deltoides;  146 
Portulaca 

mundala;  145 
oleracea;  145 
umbraticola;  145 
Portulacaceae;  145 
Primulaceae;  145 

Piwoni,  M.  D.,  G.  Fred  Lee,  “  The  Role 
of  Man  in  the  Excessive  Fertilization 
of  Surface  Waters”;  477 
Prosopis 

glandulosa;  142,405 
Pseudomonas;  168,  374 
Psoralea 

rhombi folia;  143 

Q 

Quercus 

alba;  443,  447 
falcata;  447 
lyrata;  447 
nigra;  443,  447 
prinus;  447 
texana;  214 
virginiana;  214 
Quiscalus 
major 

major;  245 
mexicanus 

mexicanus;  244 
prosopidicola;  244 

R 

Raines,  J.  A.,  see  Nixon,  E.  S. 

Rainey,  J.  G.,  see  Vela,  G.  R. 

Rana 

berlandieri;  244,  323,  325 
catesbiana;  244 
pipiens;  323,  324 
sphenocephala;  295 
sphenocephala;  323 
Rangia 

cuneata;  422 

Rao,  Vijaya  B.,  see  Foster,  B.  G. 

Ratibida 

peduncularis;  132,  137 
Regina 

grahami;  294,  295 
Rhinocheilus 
lecontei 

tessellatus;  298 
Rhizachyrium 
scoparium;  174 
Rhododendron 
canescens;  448 


498 

Rhynchosia 

americana;  132,  143 
minima;  143 
Richardia 

brasiliensis;  146 
Ricinus 

communis;  139 
Rubiaceae;  146 
Rudbekia 
him;  137 

s 

Sabatia 

arenicola;  139 
campestris ;  139 
Sagittaria 

platyphylla;  183 
Salicaceae;  146 
Salicomia 

bigelovii;  132,  135 
Salmonella;  373,465,467,468,473 
typhimurium ;  367 ,  369,  371 
typhosa;  373 
Sambucus 

canadensis;  447 
Samolus 

ebracteatus;  132,  145 
Saijeant,  William  A.  S.,  “Track  of  a  Small 
Amphibian  from  the  Pennsylvanian 
of  Oklahoma”*  107 
Scaphiopus 

bombifrons;  244,  295 
couchi;  296 
hammondi;  296 
holbrooki;  175,  177 
Sceloporus 
merriami 

merriami;  294 
olivaceus;  294 
Scenedesmus 

quadricauda;  125,  127 
Scholes,  Vernon  E.,  see  Nunez,  William  J. 
Schufle,  Joseph  A.,  Phillip  Baca,  Robert 
Mishler,  Mary  Tinsley,  “Ion Exchange 
Dating  and  Cultural  Remains  Associated 
with  a  Rio  Tecolote  Sediment  in  Nor¬ 
thern  New  Mexico”;  377 
Scirpus 

americanus ;  138 
longispicatus;  132 
Schizachyrium 
scoparium;  140 
Scrophulariaceae;  146 
Scrudato,  R.  J.,  B.  F.  Henningsen,  E.  L. 
Estes,  “Trace  Metal  Concentrations  of 
Selected  Macrofauna  from  a  Southeast 
Texas  Estuary”;  419 
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E.  L.  Estes,  “Depuration  of  Copper  and 
Zinc  by  Crassostrea  virginica  (American 
Oyster)”;  437 
Sebastiana 

fruticosa;  447 
Serpentes;  297 
Sesbania 

macrocarpa;  143 
Sesuvium 

portulacastrum;  134 
Shigella;  367,  373,465,467 
flexneri;  373 
sonnei;  367 

Shurbet,  G.  L.,  T.  O.  Lewis,  “Generalized 
Inverses  of  Skew-Centrosymmetric 
Matrices”;  5  1 
Sida 

lundheimeri;  132,  144 
Silene 

antirrhina;  135 
Sistrurus 
miliaris 

streckeri;  298 
Sisyrinchium 

sagittiferum;  141 
Sixmile  Granite;  74 
Smart,  David  L.,  see  Long,  Charles  A. 
Smilisca 

baudini;  406,  407 
Smith,  Don,  see  Chapman,  Richard 
Solanaceae;  146 
Solanum 

eleagnifolium;  146 
Sonchus 

oleraceus;  137 

Songer,  J.  Glenn,  see  Faget,  Carol 
Sonora 

semiannulata;  232 
Soph  ora 

tomentosa;  143 
Sorghum 

halepense;  140 
Spartina 

patens;  132,  141 
spartinae;  132,  141 
Spheralcea 

lindheimeri;  144 
Spirogyra;  184 
Sporobolus 

virginicus;  141 
Squamata;  296 
Stellaria 

prostrata;  135 
Stemodia 

tomentosa;  132,  146 
Stenotaphrum 

secundatum;  132,  141 
Sternotherus 

odoratus;  185, 296 
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Storeria 

dekayi 

texana;  298 
Strophostyles 
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